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PREM NARAIN SRIVASTAVA — AN APPRECIATION 
[20200// 2303, 


MRS. SAVITRI SAHNI 
Birbal Sahni Institute of Palaeobotany, Lucknow 


N the afternoon of l6 February 955, 
Prem Narain Srivastava, amost promis- 
ing young palaeobotanist on the staff 

ofthe Birbal Sahni Institute of Palaeobotany, 
passed away under tragic circumstances at 
the premature age of 27. The jeep, in which 
he was returning after making a valuable 
collection of Lower Gondwana plants from 
the coalfields of Bihar and Bengal, suddenly 
overturned near Handia, a village on the 
Allahabad-Banaras Road. Whilst the other 
occupants fortunately escaped unhurt, fate 
had so ordained that young Srivastava re- 
ceived such severe head injuries that it 
brought his all too young life to an untimely 
end. He leaves behind an aged father, his 
young wife and a baby son. 


Born at Lucknow on l0 October 927, 
Prem Narain was the only son of Mr. Shyama 
Charan Srivastava, a retired Deputy Con- 
troller in the Northern Railway. It was 
here that practically the whole of his short 
span of life was spent. He obtained his early 
education at the Boys’ Anglo-Bengali College 
and the Kanya Kubja College, Lucknow. In 
July 943 he entered the University of Luck- 
now joining the Botany, Geology and Zoology 
classes. He distinguished himself by stand- 
ing first in B.Sc. ( Hons.). He then joined 
the postgraduate classes in Geology and 
secured a third position in the M.Sc. examina- 
tion in the year 949. Immediately after 
leaving the University he laboured hard for 
some time in preparing for the examination 
of the Indian Administrative Service but 
later abandoned it, fascinated as he was by 
- the idea of a research career. 

While at the University, the stimulating 
lectures of his great teacher, Professor Birbal 
Sahni, no doubt left a deep impression on his 
young mind, which was to grow later into a 
burning desire for original research in Palaeo- 
botany. On joining the Birbal Sahni Insti- 
tute of Palaeobotany in July 949 as an Uttar 
Pradesh Scientific Research Committee Scho- 
lar, young Srivastava began his researches 
on the correlation of coal seams by means 


of microfossils under the able guidance of 
Professor K. R. Surange. Besides this work 
he also took up the cuticular studies of the 
Glossopteris Flora of India as his Ph.D. the- 
sis problem. It was only a month prior to 
the tragic day when he brought me, for 
my blessing, the completed extremely im- 
portant piece of investigation before sub- 
mitting it to the Lucknow University. As I 
turned over the pages, it filled me with pride 
to see the excellent work which he had 
produced, and when I congratulated him 
on his achievement, he in his usual shy and 
gentle manner expressed his happiness that 
his work had given me joy. 

His first paper published jointly with 
Pratap Singh entitled “कोयला एवं नमक की 
खान की आयु और वनिस्पति पुरातत्व ” came out 
in the October 950 issue of the journal Shzk- 
sha. For two years ( 4950-52 ) he worked in 
the Institute as a Junior Research Assistant 
in the scheme on “ The Measurement of Geo- 
logical Time 7, sponsored by the Council of 
Scientific & Industrial Research. His im- 
portant contribution during this period, 
together with Drs. R. V. Sitholey and C. P. 
Varma, was mainly on the Vindhyan forma- 
tions. Their paper “ Microfossils and the 
determination of the age of Sedimentary 
rocks ”” appeared in 00.20 (J. sci. industr. 
Res., Vol. IlA, No. 5, pp. 2 00-2॥ | | This 
short paper was followed by a larger and 
more detailed contribution, ‘‘ Microfossils 
from the Upper Vindhyans, with a discussion 
on the age of the Vindhyans in the light of 
plant-fossil discoveries’, published in the 
Proceedings of the National Institute of Sci- 
ences of India (953, Vol. ० No. 2, pp. 
95-202). During the later part of the 
same year they published another paper 
entitled “ Occurrence of vascular plants in 
the Cambrian rocks of India” (J. sci. 
industr. Res., 953, Vol. 2B, No. 2, pp. 
645-647 ). 

In 4952 the Council of Scientific & Indus- 
trial Research sponsored a new scheme, 
“ Palaeobotanical investigations of Indian 


2 THE PALAEOBOTANIST 


Coals’’, at the Birbal Sahni Institute of 
Palaeobotany. On account of his ability as 
an extremely careful and methodical worker 
coupled with his experience that he had 
gained, Srivastava was appointed in it as 
Senior Research Assistant. Here, also, he 
distinguished himself and was subsequently 
taken on the staff of the Institute as a 
lecturer. Microbiological analysis of coal 
and their use in the correlation of coal 
seams has assumed great importance during 
the last few decades. Considerable work 
on coal palaeobotany and its stratigraphi- 
cal value has been done in other parts of 
the world, while in India only a modest 
beginning has been made. Srivastava also 
was one of the few pioneers working on this 
branch of science in India. His contribu- 
tions, together with Professor K. R. Surange 
and Prem Singh, are published in the form of 
two papers: (l) “‘ Microfossil analysis of some 
Lower Gondwana coal seams of West Bokaro, 
Bihar 7, published in 953 ( Bull. Nat. Inst. 
Sci. Ind., No. 2, pp. -27), and (2) “ Mega- 
spores from the Bokaro Coalfield ( Lower 
Gondwanas ) of Bihar’’, published in The 
Palaeobotanist (953, Vol. 2, pp. 9-॥7 ) 
Another important paper entitled ‘ On some 
Lower Gondwana megaspores and seeds from 
Mangardaha coal, West Bokaro, Bihar ”” has 
recently been published in The Palaeobotanist 
(MOSS Vol. 3.) 

Plant impressions of the Glossopteris Flora 
of India and their cuticular studies claimed 
a major portion of Srivastava’s interest, and 
a part of the detailed work done by him 
has recently been published. In a paper, 
‘ Studies in the Glossopteris flora of India — 
l. Some new fossil plants from the Lower 


Gondwanas of the Raniganj coalfield’, pub- 
lished in The Palaeobotanist ( 954, Vol. 3), 
he described a new species of Actinopteris; 
one species of Sphenopteris; a fertile frond 
of Pecopteris; a specimen of ?Ctenis and a 
cone probably belonging to Schizoneura 
gondwanensis. Previously he had recorded 
the presence of the Equisetalean cone from 
the Raniganj coalfields of India in a short 
note published in the Current Science, 952, 
April, Vol. 2l, p. 9. Since’ his” jommz 
the Institute Srivastava worked throughout 
under Professor K. R. Surange and to him 
he owes much of his research achievements. 
Being a sincere and tireless research worker, 
and in view of the brilliant investigations 
he was carrying out, young Srivastava would 
have developed into a palaeobotanist of a 
very high calibre. No wonder he achieved 
so much in such a short time. 

Besides his scientific abilities Srivastava 
was a charming and lovable personality. His 
unassuming manners and affable nature won 
him the affection and respect of all those who 
came in contact with him. He was a person 
of few words, rather shy of temperament but 
extremely sincere in his purpose. His was a 
religious frame of mind, always so God-fearing 
and gentle. Above all, what impressed me 
most was his deep understanding of human 
nature. Remembrance of the high regard 
and respectful devotion in which he held 
me will always be carried by me in deep 
gratefulness. 

His untimely death robs the palaeobota- 
nical world, particularly the Birbal Sahni 
Institute of Palaeobotany, of one of its 
most promising and ardent workers, leaving 
behind a gap hard to fill. 


AN APPROACH TO THE PROBLEM OF TAXONOMY AND 
CEA EICATION IN TIER STUDY OF SPORAE DISPERSAEB 


D. C. BHARDWA]J 
Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


The present state of disagreement among spore 
workers with regard to the taxonomy and classi- 
fication of Sporae dispersae has been reviewed. 
The taxonomic categories for Sporae dispersae have 
been defined and practicability of organ-genus 
concept over the form-genus concept for the circum- 
scription of spore taxa has been discussed. 


INTRODUCTION 


and pollen, recovered from sedimen- 

tary strata, dates back to Reinsch 
(88i ) when he described some of them from 
coals of the Carboniferous age. Thereafter, 
for several decades, these dispersed micro- 
remains attracted occasional attention of 
palaeobotanists and petrologists. However, 
it is only since the early thirties that the 
British, German, Russian, American and 
Indian palaeobotanists as well as geologists, 
realizing the importance of the Sporae dis- 
persae in geological dating and stratigraphical 
correlation of sedimentary strata, set them- 
selves to a serious study of these plant micro- 
remains. This increased research activity 
has resulted into very significant and substan- 
tial contributions on the study of Sporae 
dispersae of various ages and from many parts 
of the world. 

Prompted by a desire for exactitude and 
clarity in description of the Sporae dispersae, 
spore workers have always adopted some 
system of taxonomy and classification to 
present their results. A number of these 
systems are a result of original thought but 
others are a sequel to synthesis of the then 
prevalent older conceptions. Each of these 
efforts on systematics of Sporae dispersae has 
its merits and also shortcomings. However, 
in spite of the latter these efforts are highly 
commendable inasmuch as they have been 
able to single out the numerous difficulties 
besetting the evolution of an ideal system. 

From a perusal of the current literature on 
Sporae dispersae it becomes evident that the 
British spore workers mostly follow Knox’s 
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( 950 ) system, the American workers prefer 
that of Schopf, Wilson and Bentall’s ( 944), 
in Germany, an amplification of Ibrahim’s 
(933) system is mostly in vogue and the 
Russian workers classify according to Nau- 
mova’s 02 30 system. This tendency to 
stick to one or the other of these systems, 
none of which excels the others, has uncons- 
ciously led to thwart the evolution of one such 
system of classification for the Sporae dis- 
persae which may be universally followed. 
Of late, in view of the greater applied use of 
Sporae dispersae in coal and oil prospecting, 
the need for a universally accepted standard 
system of classification for these is being 
increasingly felt so that assimilation of data 
from all over the world can be more easily 
achieved. 


THE PROBLEM 


All the systems of classification proposed 
in the past, in spite of their diversities, tend 
to fall into two groups depending upon the 
differences in their taxonomic treatment of 
spore taxa: 

l. Artificial (morphologic ) systems which 
consider the morphologic characters of 
spores and pollen as the basis of specific, 
generic and suprageneric grouping 
(BENNIE & KIDSTON, .886; IBRAHIM, 
933; Naumova, 937; ERDTMAN, 947; 
Knox, 950; Pant, 954 and POTONIÉ & 
KREMP, 954 ). 

2. Natural ( phylogenetic ) systems which 
emphasize circumscription of spore 
genera on the analogy of higher taxa 
( Orders-Classes ) of the natural system 
of classification of plants ( SCHOPF, 938; 
SCHOPF, WILSON & BENTALL, 944). 

The real problem among palynologists 
today is to decide about the suitability of 
any of the two approaches between which 
most of the opinions tend to segregate. 
However, to choose between the two is not 
so easy unless we discuss the usefulness of 
one over the other in the light of scientific as 
well as practical needs and the limitations 
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imposed by the nature of the material hand- 
led. 


ASPECTS IN THE STUDY OF SPORAE 
DISPERSAE 


The study of Sporae dispersae has twofold 
applications, i.e. botanical and geological. 
The botanical aspect concerns primarily, with 
the taxonomy and phylogeny of spores and 
pollen and secondarily with ecology in so far 
as these plant microremains are representa- 
tives of the flora of that area. The geologi- 
cal aspect of stratigraphical correlation and 
dating of strata depends upon the applied 
use of the botanical knowledge so gained, 
especially that which concerns the changes 
in the distribution of Sporae dispersae or 
in other words their parent floras, during 
geological time. 

Speaking of the botanical aspects of taxo- 
nomy and phylogeny, Sporae dispersae have 
limited value in view of their dispersed nature, 
because nothing definite can be stated about 
the identity of their parent plants. As a 
matter of fact, whatever we know today about 
the phylogeny of some of the dispersed spores 
has been a contribution from botany or 
palaeobotany rather than vice versa and it is 
doubtful if an independent study of Sporae 
dispersae would ever contribute anything 
more tangible than probabilities. However, 
for ecological studies, Sporae dispersae have 
proved to be of real help especially in Tertiary 
ecology where Pollen-analysis, in conjunction 
with the study of plant megafossils, has 
always enhanced accuracy of data and there- 
by its interpretation. This success of pollen 
studies of Tertiary strata is in a large mea- 
sure due to the possibility of correctly identi- 
fying the parent genera or even species of the 
dispersed spores and pollen. 

The application of the study of Sporae dis- 
persae to stratigraphical ( geological ) prob- 
lems especially of the pre-Tertiary strata 
depends on the detection of floral changes 
which have occurred in an area during the 
course of time due to migration and evolution 
of the species constituting its vegetation. 
Floral changes are normally imperceptibly 
gradual, but occasionally they are accentuat- 
ed due to biotic or environmental factors and, 
accompanied with migration of species from 
and to the area, cause significant change in 
the composition of succeeding floras, thus 
interpolating floral-breaks in the vegetational 
history of the area. These floral-breaks are 
used for delimiting stratigraphic horizons. 


Study of Sporae dispersae reveals these floral- 
breaks readily. It is for the detection of such 
floral-breaks and for fine stratigraphic cor- 
relation of coal seams as well as other strata, 
that this branch of palaeobotany is proving 
to be of great practical value. 

From the studies of Mason ( l936 ) and 
others it is now well known that floral changes 
are caused by the evolution or migration of 
such constituent species which, in view of 
their specialized needs of the environmental 
factors, behave as the borderline species in 
the population. Thus to detect the floral 
changes in a fossil flora it is imperative that 
the fossils of the borderline species should be 
distinguished from the other species. The 
same holds good in the study of Sporaz dis- 
persae and implies a taxonomic treatment 
which aims at distinguishing the spores be- 
longing to each species and genus of the 
parent flora. Hence it can now be concluded 
that the primary need in the scientific study 
of Sporae dispersae is to define the taxonomic 
principles which may enable circumscription 
of the small, spore taxa as nearly equivalent 
to natural plant species and genera as possible. 


TAXONOMIC CATEGORIES FOR SPORAE 
DISPERSAE 


Spore-Species 


A scientific definition of a plant species 
could be that it is a group of morphologi- 
cally and physiologically similar individuals 
which are biologically isolated from those 
of the other closely related species. Among 
Sporae dispersae, in view of their isolated 
state, a fossil spore-species can be defined 
only as a group of morphologically ( i.e. mor- 
phographically) similar individuals. The 
other features such as physiological similarity 
and biological isolation are beyond any 
means to establish in fossils. Thus, in effect, 
the only important basis of defining spore- 
species is the morphography of spore fea- 
tures as these are actually evidences of 
evolutionary morphology. 

Theoretically, a species cannot be strictly 
genetically homogeneous population because 
no individual can contain all the hereditary 
factors which exist in allelic pairs and series. 
But we know that in nature, barring excep- 
tions, mostly one set of either of the pair of 
allelic characters tend to be represented in a 
species. The more usual characters must, 
therefore, be accepted as the characters to 
define a spore-species. 
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Variation within a Spore-species — The 
characters tend to vary, within a species some 
varying more but others less. From my 
work ( BHARDWAJ, 952 ) on the spores of the 
living genus Anthoceros ( L.) Prosk., the work 
of Knox ( 950 ) on the spores of Lycopo- 
dium, Phylloglossum, Selaginella and Isoetes, 
Stokey & Atkinson (956) on Osmunda- 
ceae and Wagner ( 952) on Diellia, I have 
been able to infer that in Cryptogams the 
morphographic characters of mature spores, 
within a natural species, vary quantitatively 
but the range of variation is within definable 
limits. Likewise, as far as known to me, 
this generalization holds good in the case of 
pollen grains of Phaneogams as well. 

It is worth pointing out here that while 
writing these generalized observations, I am 
not oblivious to the many exceptions noted 
so far by many colleagues, such as the 
occurrence of monolete as well as trilete 
spores in Onoclea sensiblis and others or the 
occurrence of abortive or giant spores in 
many natural fern-hybrids or the produc- 
tion of large and small spores as in Notho- 
laena affinis. According to Wagner ( 952 ) 
some fern species, known to be apogamous, 
such as Pteris cretica and others often show 
several size classes in spores. Likewise a 
number of similar, exceptional inconsisten- 
cies in the phanerogamic pollen grains are 
also on record. In my opinion the more usual 
features should be considered as more impor- 
tant in the taxonomy of fossil spores and pol- 
len rather than the less common exceptions. 

To ascertain the variation range for one 
of the variables such as the size, within 
species of Sporae dispersae, I carried out a 
large number of absolute size measurements of 
random specimens of several unquestionably 
distinct species of cryptogamic miospores 
ranging in size from 5 to 20 4 and some 
megaspores, from a coal seam in the Saar. 
This study not only revealed the range of size 
variation within these species but also a 
notable fact that this range shows more 
than proportionate increase as the size of 
the spore increases, e.g. in spores of 20 u 
size, the range of variation may be only 
25 per cent of absolute size, but in larger 
spores, e.g. of 00 y average size up to 40 per 
cent and in megaspores, it may be l00 per 
cent or even more. These figures are only 
to give an approximate idea about the pos- 
sible range of size variation within a species 
and should neither be taken as absolute nor 
universally applicable for other variables as 


well. The size is a valuable variable in 
miospores of Lyco psida but of less consequence 
for their megaspores, of indeterminate utility 
in spores of Sphenopsida and of problematic 
use in the taxonomy of gymnospermous 
pollen grains. 

In other features, e.g. height and width 
of emergences as well as that of rays, the 
range of quantitative variation in a species 
is within definable limits. For delimitation 
of species within a genus it is important 
to work out the range of variation and 
the statistical mean of each variable, to 
enable comparison with that of the other 
comparable species. Unless as pore worker 
has a rational conception of these varia- 
tions, he is very likely to split or lump 
together natural species. 

Stratigraphical and geographical separa- 
tion — An important consideration while 
delimiting species is the stratigraphical and 
geographical separation. Usually plant spe- 
cies remain unchanged only for short dura- 
tions in geological time-scale and so to anti- 
cipate a long vertical range for a species may 
lead to taxonomic error. Likewise contem- 
porary species recorded from two widely 
separated or even contiguous regions, having 
no common floral history, are more likely to 
be different. In such cases a very critical 
morphographical study is necessary which 
may reveal differences otherwise not dis- 
cernible. 


Spore-Subgenus 


The status of a subgenus in the syste- 
matics of living plants has very frequently 
been ambiguous and for this reason this 
taxon has rarely received unanimous ap- 
proval of taxonomists wheresoever attempts 
have been made to subdivide genera in this 
way. It is for such reasons that there are 
many cases on record where subgenera have 
ultimately been raised to the rank of genera 
or abolished to end a controversy. Likewise 
in Sporae dispersae a taxonomic treatment, 
envisaging creation of subgenera, is equally 
vulnerable or rather more so because here a 
taxonomist has recourse only to the morpho- 
logical characters of spores. And an attempt 
to group together two sets of species, with 
qualitatively different association of charac- 
ters only because they agree in one charac- 
ter which might have appeared in both of 
them due to parallel evolution, is bound to 
be hazardous. 
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Spore-Genus 


In recent years, with better understanding 
of the nature of plant species and the 
modes of speciation, our concept of the 
various supraspecific taxa, especially the 
genus, has become more precise. In older 
times the genus-concept, as traced by Bartlett 
(940 ), consisted merely in a tendency to 
group together plants of distinguishable but 
similar kind under one name. This morpho- 
graphical concept continued through several 
centuries till Darwin’s ideas of evolution 
added phylogenetic background to the mor- 
phography, emphasizing the morphological 
circumscription of a plant genus. Such an 
outlook on the genus-concept has not changed 
in the post-Darwin time. A modern defini- 
tion of the genus by Buxbaum ( (95 ) says 
that the genus is (in words of Just, 953), 
“the sum total of species belonging to a 
phylogenetic unit recognized as such by the 
unity of its morphological type ( generic 
types)”. With this definition it becomes 
clear that an agreement in the important 
morphological features between the type- 
species and other constituent species is an 
important criterion of the modern genus- 
concept and that is what Greenman ( 940) 
also said that “the species of a genus 
must conform in all essential morphological 
characters to those of the type species of 
the genus’’. Such a genus, whose constituent 
species cohere round a type by the identity 
of their morphological characters, represents 
one evolutionary tendency and is a phylo- 
genetically homogeneous, natural genus. In 
this connection it appears worthwhile to 
point out that in spite of such a clear under- 
standing of the genus-concept there are 
many genera in the plant kingdom, especially 
among Lower Cryptogams which are still 
not natural genera (sensu strictu) but are 
composite, being groupings of convenience 
and any analogy from these while circum- 
scribing spore genera, should preferably be 
avoided. Apparently these composite taxa 
are only awaiting detailed morphological and 
cytological study before they can be justly 
divided into natural genera. 

In palaeobotanical taxonomy, in view of 
the fragmentary and difficult nature of mate- 
rial available for study, delimitation of 
genera has been more lax and two kinds of 
genera, i.e. organ-genera ( organo-genera ) and 
form-genera ( forma-genera ) are officially re- 
cognized. The former are morphologically 


circumscribed round a type and comprise only 
species of similar kind, thereby more or less 
approximating to a grouping of closely related 
species as in a natural genus or a family. 
Form-genera, on the other hand, are broadly 
defined including all forms, remotely related 
or even unrelated and thus represent highly 
artificial groupings. It is as well worth while 
to remark here that form-genus concept is 
older than the organ-genus concept as the 
former owes its inception to the earlier 
decades of palaeobotanical thought when 
limitation of the knowledge about the phy- 
logeny of plants necessitated groupings of 
convenience, based on similarities in super- 
ficialcharacters. The organ-genera represent 
the modern trend where more and more effort 
is made to create generic groupings as nearly 
homogeneous and closely phylogenetic as 
possible. 

As already discussed above, all natural 
plant genera are morphologically circum- 
scribed, their phyletic homogeneity being 
accepted on the basis of the morphographic 
congruity of their constituent species. Like- 
wise in Sporae dispersae where the nature of 
the parent plants is uncertain, the morpho- 
logy of spores alone is the means to a phyletic 
grouping. The concensus of opinion by paly- 
nologists tends to recognize at least as much 
non-plasticity of the morphologic characters 
in spores as among other conservative organs 
of plant sporophytes. Therefore, it can be 
readily surmised that among Sporae dispersae 
morphologic circumscription of a genus, in 
faithful conformity to the type-concept, will 
automatically lead to more or less natural 
genera which in terms of palaeobotanical 
taxonomy can be called organ-genera. These 
spore organ-genera in exceptional cases may 
represent spores of a number of closely related 
natural genera instead of one, as has also 
been noted among living plants where some- 
times spores of a sub-family or even a family 
are of the same type. Likewise instances are 
also not unexpected when a morphologic 
spore genus may represent only a section of 
some natural plant genus whose spores 
might have varied from the rest but the other 
gross morphology of the sporophyte would 
have continued to be like the rest. Irrespec- 
tive of this, for our practical purposes such 
spore organ-genera are the ultimate ideal as 
these are the only possible phylogenetically 
homogeneous groupings that can be achieved 


on the basis of factual study of Sporae 
dispersae. 
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Form-genus vs. Organ-genus in the Taxo- 
nomy of Sporae dispersae — If we compare 
the history of systematics of Sporae dis- 
persae to that of palaeobotany or botany 
in general, we find close correspondence in 
the way form-genus concept has gradually 
led to organ-genus concept. The history 
of systematics of Sporae dispersae dates 
back to Reinsch (88l) when he created 
the genus Triletes to include all rounded 
or triangular microscopic remains having 
a triradiate structure on one of their faces. 
Subsequently H. Potonié (893) created 
Sporites to include all dispersed pterido- 
phytic plant spores. Likewise Seward ( 494) 
instituted Pityosporites for the coniferous 
pollen of the Abietineae-type. As these 
years constituted the beginning of the study 
of dispersed plant spores, lack of adequate 
knowledge about them necessitated broad 
groupings of convenience and these taxa 
were thus of the nature of form-genera. In 
933, Ibrahim introduced type method of 
circumscribing spore genera and created a 
number of morphographic genera. Sub- 
sequently Naumova (loc. cit.), Erdtman 
floc. ait); Knox (loc. cit.)and Pant: (loc. 
cit.) as well as numerous others have also 
created morphographic genera although they 
did not take cognizance of the type method. 
Potonié and Kremp (loc. cit.) have strictly 
adhered to type method and have circum- 
scribed narrow morphographic genera whose 
constituent species mostly agree to the type. 

Schopf (938), Schopf, Wilson and Ben- 
tall (944), Dijkstra (l946) and some 
others have prefered to maintain Triletes 
among the older form-genera after restricting 
it as the genus to include all triradiate 
megaspores presumably of lycopod origin 
and assigning a type to this emended genus. 
Apart from this Schopf et al. have redefined 
a number of other validly described genera 
and created a few new ones, all having the 
status of form-genera yet with generic types. 

The purpose of the type concept in circum- 
scribing a genus, as far as understandable 
to me, is to enable grouping of such cons- 
tituent species which purport to be links of 
a single evolutionary chain and they are 
supposed to show same association of 
qualitative characters. In a form-genus 
which represents one or more plant classes, 
it is apparent that a large number of evolu- 
tionary tendencies may be included so that 
to designate any one form as the type, re- 
presenting the whole genus, is not possible 


as such a genotype can represent only one 
evolutionary tendency and not all. It is 
for such an anachronism that I have never 
been able to understand how form-genus 
concept and the type concept can be faith- 
fully co-ordinated. For the same reason in 
the genus Triletes ( Reinsch ) Schopf, the 
large number of constituent species are not 
similar to its genotype T. Reinschi ( Ibr.) 
Schopf. Actually in the system of Schopf 
et al., the main emphasis in defining the spore 
genera is not on the type concept but on 
gross phylogeny, that its constituent species 
belong to one plant group each. 

Now the question arises as to which 
concept, i.e. of the form-genera or the organ- 
genera, suits us better for our needs. It 
has already been made clear in the preceding 
pages that the study of Sporae dispersae has 
two applied aspects, i.e. botanical ( floristic ) 
and geological (stratigraphic ). Consider- 
ing the botanical aspect we can well imagine 
that form-genera, in view of their artificial 
nature and composition, are likely to over- 
emphasize similarities between floras of 
various regions even if their virtual con- 
gruity is only remote. Organ-genera, on 
the other hand, being homogeneous and 
natural, can depict the real floral affinities, 
neither over-emphasizing nor underrating 
similarities or dissimilarities. If the flora 
of two regions shows similar association of 
organ-genera, it is presumable without any 
doubt that the two are related and if other- 
wise, then unrelated. Among related floras 
how close the two may be is finally deter- 
mined by the agreement or non-agreement 
among the species. 

For stratigraphical purposes form-genera 
can rarely be of use as index-fossils because 
they have enormous vertical range usually 
extending through several geological periods. 
As their horizontal distribution tends to 
become artificially wide, they are equally 
useless for inter-regional correlations. Organ- 
genera are the only supraspecific category 
which being phyletic can correctly depict 
the evolutionary changes in the floras and, 
being smaller units, are better able to indicate 
the ecological changes in the floras. Spore 
organ-genera are thus of real importance for 
practical purposes. In another of my papers 
(in this volume ) dealing with the systema- 
tics and stratigraphy of the Saar Coal 
Measures, the successful applied use of spore 
organ-genera for stratigraphical horizoning 
is well established. 
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gued by those who want to 
retain form-genera in the systematics of 
Sporae dispersae that if the form-genera are 
not suitable for stratigraphical deductions, 
their species may well serve the need. 
Natural spore-species usually have very 
short vertical and horizontal range and are 
of real importance only for correlation of 
coal seams or other strata within a basin. 
Usually they are neither capable of defining 
stratigraphic horizons within the epochs 
nor are of use for inter-regional correlations. 
However, it is another question if one 
employs composite species which, being 
equivalent to organ-genera, will serve very 
well to define stratigraphical horizons, but 
in such cases the absence of natural spore- 
species will undermine successful correlation 
of coal seams and other strata. 

It should be apparent from this discussion 
that natural spore-species and spore organ- 
genera are indispensable for the successful 
academic as well as applied study of Sporae 
dispersae, and that form-genus concept has 
outlived its utility for the present needs of 
palynologists and should be dispensed with. 
As such, it is necessary to redefine the existing 
spore genera, as far as possible, into narrowly 
circumscribed, morphological organ-genera. 


It can be arg 


SUPRAGENERIC CATEGORIES 


Systematics of Sporae dispersae does not 
end merely after diagnosing species and 
genera but also raises the question of 
arranging the genera into a system of supra- 
generic taxa as in a system of classifica- 
tion. 

So far most of the authors of morphological 
systems have suggested suprageneric cate- 
gories on the basis of similarities in some 
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easily observable morphographic character- 
istics. The need is, however, to interpret 
these characters on grounds of comparative 
morphology and thereafter to circumscribe 
higher categories on the basis of agreement in 
phylogenetically more important characters. 
In this way the spore organ-genera, small as 
they are, can be grouped together into series 
(equivalent to Families), the latter into 
subdivisions, divisions and so on, on the basis 
of phyletic nearness of the various types of 
morphographic characters, whose elucidation 
is possible from a comparative study of 
Sporae dispersae and in situ spores from fossil 
and living spore-bearing organs. Such ad- 
vanced studies are necessary to make the 
suprageneric groupings phyletic thereby lead- 
ing to a phylogenetic system of classification 
for Sporae dispersae. 


CONCLUDING REMARKS 


Opinions can hardly be divided if I were 
to say that the ideal system of ciassification 
for Sporae dispersae can be that alone which 
is most phylogenetic. To achieve such an 
objective an easier course is to trace the 
phylogeny from species upwards through 
morphologically circumscribed species and 
genera that can be grouped into suprageneric 
categories equivalent to families, orders, 
etc., based on facts of comparative morpho- 
logy. Such a taxonomic procedure will 
eventually lead to a classification, more or 
less corresponding to the natural system of 
classification used for plants in general. No 
doubt, such a system will stand parallel to, 
rather than be merged with, the natural 
system of plants, still this will be the closest 
possible approach to it in view of the dif- 
ficult nature of Sporae dispersae. 
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ABSTRACT 


The paper deals with some fragmentary remains 
of fossil plants from the Po series of Spiti, collected 
in July 4952 from two different plant-bearing beds 
near the village of Tabo. The present collection 
strengthens the view of Gothan and Sahni that the 
age of the Tabo plant-bearing beds is Lower Car- 
boniferous. 


INTRODUCTION 


a HE first collection of fossil plants from 
] the Po series of Spiti was made as 
early as l904 by Sir Henry Hayden 
of the Geological Survey of India. He 
collected these plants from two different 
localities. From one of the localities, about 
half a mile N.N.E. of Po, Spiti, a solitary 
specimen of Rhacopteris was picked up by 
him along with some marine fossils. This 
he thought came from the Fenestella shales, 
the age of which is regarded by the geologists 
as Middle Carboniferous. The second loca- 
lity, near the village of Tabo ( 32°5': 78°27), 
is on the left bank of Spiti river. From this 
bed only a few fragmentary remains of plant 
material were collected. All these specimens 
were identified by Zeiller (in HAYDEN, 904, 
p. 47). He recognized three distinct genera, 
Rhacopteris, Sphenopteridiim and Sphenop- 
teris. Later Gothan and Sahni ( 0300) re- 
exainined Hayden’s collection and identified 
the following species: Rhacopteris ovata 
(McCoy) Walkom, À. inaequilatera Feist- 
mantel (non Goeppert ), Sphenopteridium ? 
furcillatum Ludwig sp., Sphenopteris sp. 
( Rhodea sp.). Out of these only the first 
species was from the Fenestella shales. 
Gothan and Sahni on the evidence of the 
plant remains considered the age of the plant- 
bearing beds at Tabo as Lower Carboni- 
ferous. 
For a long time after Hayden no collection 
was made from these localities. In June 


0 


950, a few more specimens of Rhacopleris 
were collected by one of us ( Shukla ) during 
a visit to the locality in the company of Mr. 
G. Kohli of the Geological Survey of India. 
In July 952, we visited the plant-bearing 
beds at Tabo together with Mr. G. Kohh. 
A large number of fossil plants were collected 
from Hayden’s locality at Tabo and by one 
of us (Shukla) from a new locality near it. 
The new locality, which is rather difficult to 
access, is on a high ridge of N.W. of Tabo. 
At this place the majority of the specimens 
collected are R. ovata. Only a few specimens 
of R. inaequilatera and two specimens of 
Rhodea were collected. At Hayden’s locality 
which is on the left bank of Spiti river about 
l4 miles upstream from Tabo, there are two 
outcrops about 50 yards from each other. 
The fossil plants here are few in species and 
most of them are fragmentary. From both 
localities remains of Sphenopteridium, Sphen- 
opteris and Rhacopteris were collected. 
Some of these have a fairly good preservation 
but most of them are not well preserved. 
Besides Rhacopteris ovata, we have collected 
a few more species of Rhacopteris, which are 
described below. 


DESCRIPTION 


Fossils from the Higher Shale Band on 
the Ridge N.W. of Tabo 


Rhodea sp. 
Ie al, dese 


The specimen (Pr. l, Fic. ॥ ) consists of 
a large number of fragmentary fronds of 
Rhodea with flexuous rachis and small pin- 
nules. Pinnules alternate, usually free, 
divided into two to four narrow spreading 
segments. In some, segments almost capil- 
laceous. Ultimate pinnae lanceolate, touch- 
ing each other laterally. 
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Due to the very fragmentary nature of the 
fronds specific determination is not possible. 


Rhacopteris ovata (McCoy ) Walkom 
AMEN 


Most of the specimens collected resemble 
very much À. ovata described by Gothan and 
Sahni (937). No complete specimen could 
be obtained. Fragmentary pieces consist 
of simple pinnate fronds with straight rachis. 
Pinnules alternate, close, almost touching, 
upper side broadly rounded, with a stout 
and straight petiole. Veins united at the 
base, spreading widely and dichotomously 
divided. 

The figured specimen (Pr. 6 2) has 
got a straight rachis about 0-2 cm. in length 
and 2 mm. in breadth. Pinnules preserved 
only on one side, touching or slightly over- 
lapping, broadly oval, length of the pinnules 
about 2 cm. 


Rhacopteris inaequilatera Goepp. sp. 
Pl. 4, Fig. 3 


This species is not so well represented here 
as À. ovata. The figured specimen (Pr. ], 
Fic. 3) is only a portion of a frond collected 
in counterparts. It has a single, more or 
less straight rachis, 7-2 cm. long and I-5 mm. 
wide. Pinnules alternate, very close or 
almost touching, semi-flabelliform and asym- 
metric. Length of the pinnules 2-4 cm. 
Veins not close, bifurcating after leaving the 
base of the pinnule. 

These specimens closely resemble some of 
the R. inaequilatera described by Feistmantel 
( 2 2/0)) 5 


Fossils from Left Bank of Spiti River 
about l} Miles Upstream from Tabo 


Sphenopteridium sp. a 
Pl. i, Figs. 4-6 


In all, seven specimens were collected. 
They are fragmentary and probably belong 
to the apical region. Rachis, where pre- 
served, is stout. Pinnules are elongate and 
cuneate, narrowed to a short stalk at the base, 
sometimes the outer margin dissected near 
apex as if dividing the pinna into two 
(rm, ॥ Fıcs. 5, 6). Fine, closely set and 
divergent veins arise from near the stalk. 

These specimens show a great similarity 
with Sphenopteridium cuneatum described 


by Walkom in 934 from Currabubula. The 
structure of the pinnule is very similar. To 
some extent the pinnules of some of our 
specimens (Pr. l, Fic. 6) also resemble 
S. dissectum Goepp. sp. described by Kidston 
(9284 


Sphenopteridium sp. b 
Pl. 4, Figs. 7-40 


Numerous small pinnae of Sphenopteri- 
dium have been collected but only three of 
them are: figured here PR. |, ehrese7-2.): 
Rachis is not so thick as in the preced- 
ing species. Pinnules are elongate and 
obliquely placed on the rachis, wedge-shaped, 
shallowly lobed, mostly with 2 incissions 
(Pr. 0 7, 8), sometimes ending in a 
blunt point by two straight lines meeting in 
a wide angle ( PL. l, Fics. 9, 0), and con- 
tracted into a short stalk at base. Veins 
numerous, closely set and bifurcating. 

As is seen from the photographs the speci- 
mens are very fragmentary and so specific 
determination is difficult. Possibly the speci- 
mens represent more than one species. 


Sphenopteris sp. 
BIER SD 


The fronds collected are too fragmentary 
for any specific determination. Pl. 2, Figs. 
ll and I2, shows two such detached pieces 
of pinnae. Thespecimen in Pl. 2, Fig. Il,con- 
sists of a small piece of pinna measuring 2-8 
cm. in length. Rachis thin and slightly flex- 
uous. Pinnules lanceolate, gradually tape- 
ring from the base to an acute point. The 
rachis bearing the tertiary pinnae is slender. 
Pinnules narrow, deltoid and alternate. 

These specimens are quite different from 
the one figured by Gothan and Sahni ( 937). 


Rhacopteris ovata (McCoy ) Walkom 


This species has already been recorded 
by Gothan and Sahni in .937. This time 
we have collected numerous specimens. In 
fact, it seems that in this region it was the 
dominant species. 


Rhacopteris cf. circularis Walton 
Pl. 2, Figs. 3-5 
Only four specimens have been collected, 


out of these two are in counterparts and none 
of them is complete. One of them seems 
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to be from the apical region ( PL. 2, Fic. 5 ). 
In this the rachis is straight, not very wide, 
measuring i:5 mm. The pinnate frond is 
5-2 cm. long and about -6 cm. broad. Pin- 
nules alternate, slightly overlapping and 
obliquely set to the rachis. Margin slightly 
crenulate. Pinnules more or less circular, 
contracted at the base with a short stalk. 
Veins not close, radiate from the stalk and 
bifurcating before attaining the margin. 

The other specimen figured in Pl. 2, Figs. 
3 and i4, has a stout rachis 2-5 mm. in 
width with longitudinal striations. Pin- 
nules distant, more or less opposite, set 
obliquely to the rachis. Margin of pinnules 
entire, some of them are lobed, subcircular, 
contracted at the base to form a short stalk. 
The veins closer than in the specimen in 
Pl. 2, Fig. (5, radiating from the stalk and 
dichotomizing. 

To judge by the characteristic form of the 
pinnules these specimens belong to R. cir- 
cularis Walton ( 926). They also resemble 
those described by Frenguelli ( 943 ) under 
the same name, although the pinnules of the 
latter are bigger. 


Rhacopteris inaequilatera Goepp. sp. 
Pl. 2, Figs. 6, 7 


Next to R. ovata this species is the common- 
estione.in this region: „Pl. 2, Fies...i6, 47: 
shows a specimen consisting of three small 
pieces of pinnate fronds. The largest frond 
has a slightly flexuous rachis, | mm. wide, 
pinnules variable in length, alternate, more or 
less distant, semi-flabelliform, slightly lobed 
towards the apex, obliquely placed to the 
axis. Veins close, most of them bifurcating. 


Rhacopteris sp. a 
Pl. 2, Fig. 8 


Out of three specimens collected only one 
is figured here. The specimens consist of 
one or two pinnules attached to a rachis; 
one of the specimens is only a detached 
pinnule. 

Frond pinnate, rachis fairly stout and 
straight. Pinnules distant, flabelliform, cre- 
nate, contracted at the base to form a short 
stalk and placed at right angles to the axis. 
Veins radiate from the stalk and dichotomize 
before reaching the margin. 

The figured specimen measures 4 cm. in 
length, the width of the rachis being 2 mm. 
and the length of the pinnule [-7 cm. 


Rhacopteris sp. b 
Pl. 2, Fig. 49 


Some very fragmentary pieces of fronds 
were collected which have a fairly thick 
rachis with distinctly lobed pinnules. Veins 
fine, closely set, arising from the stalk. In 
some cases only the pinnules were obtained. 
On the evidence of these alone no specific 
determination is possible. 


? Asterophyllites sp. 
Pig De higss 2 ipece 


We have only a single specimen, in coun- 
terparts. It is too imperfect to enable us 
to judge distinctly of its nature. It consists 
of only one node to which are attached long 
imperfectly preserved verticillate leaves. 
The length of the leaves and their number 
not known. There is no trace of any inter- 
node. 


? Adiantites sp. a 
Pl. 2, Fig. 20 


Only a fragment and its counterpart. 
Rachis very thin and straight. Pinnules 
alternate, distant, wedge-shaped, deeply and 
irregularly incised at the apex and contracted 
at base into a stalk. Veins not clear. 


?Adiantites sp. b 
Pl. 2, Fig. 24 


A single, very fragmentary specimen, con- 
sisting of a flexuous rachis which measures 
2:7 cm. in length and about | mm. in width. 
Pinnules alternate, distant, wedge-shaped, 
apex rounded and smooth and the base con- 
tracted to form a stalk. Veins not pre- 
served. 


?Rhodea sp. 
Pl. 2, Fig. 23 


A very small fragment of a frond, measur- 
ing :5 cm. in length. Rachis stout. Pin- 
nules segmented due to dichotomous division. 
In the pinnules the veins bordered by a 
narrow band of the limb. 


CONCLUSION 


The age of the Tabo plant beds was dis- 
cussed in great detail by Gothan and Sahni 
(937)., On the evidence of fossil plants 


HOEG et al— SOME FOSSIL PLANTS FROM THE PO SERIES OF SPITI ॥8] 


they considered the age of the Tabo plant 
beds as Lower Carboniferous. In the pre- 
sent collection, as in the previous ones, there 
are specimens whose identification is un- 
certain. There is no uncertainty, however, 
about the age of the flora. It is a typical 
representative of Lower Carboniferous flora 
and thus supports the view of Gothan and 
Sahni. 
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EXPLANATION OF PLATES 


PLATE | 


leeriodeassp. Now Pl 78i, GS WAC 

2. Rhacopteris ovata McCoy Walkom. No. PI/782, 
GS-0. t) 4: 

3. Rhacopteris inaequilateraGoepp.sp. No. Pl/733, 
ST 
Sphenopteridium sp. a No. 3838, B.S.I.P. /. 
Sphenopteridium sp. a No. Pl/73, G.S.I. /. 
Sphenopteridium sp. a No. Pl/695, G.S.I. /l. 
Sphenopteridium sp. b No. Pl/728, G.S.I. /.. 
Sphenopteridium sp. b No. Pl/729, G.S.I. 4//. 
Sphenopteridium sp. b No. Pl/697, G.S.I. /l. 
Part of specimen in Fig. 9 enlarged. 2/l. 


Pe ENCRES 


PEATER? 


4. Sphenopteris sp. No. PI/75, G.S.I. ./.. 

i2. Sphenopteris sp. No. Pl/79, G.S.I. 2/4. 

3. Rhacopteris circularis Walton sp. No. PI/746, 
CSS ENUTE 

i4. Rhacopteris circularis Walton sp. Counterpart 
of the specimen shown in Fig. 3. No. Pl/749, 
CRF ie 


45. Rhacopteris circularis Walton sp. No. 5763, 
BST Ne 

6. Rhacopteris inaequilatera Goepp. sp. No. 98, 
BSP 

47. Rhacopteris inaequilatera Goepp. sp. No. 989, 
B.S.I.P. A portion of the counterpart of the 
specimen shown in Fig. {6. 2/॥. 


i8. Rhacopteris sp. a No. 940, B.S.I.P. /i. 
49. Rhacopteris sp. b No. 942, B.S.I.P. /l. 
20. ?Adiantites sp. a No. 945, B.S.I.P. ॥॥: 
2l. ?Asterophyllites sp. No. 4988, B.S.I.P. 


ils 
22. Counterpart of the specimen shown in Fig. 2. 
No MO89/RB SIP Aiple 
23. ?Rhodea sp. No. Pl/730, G.S.I. /i. 
24. ?Adiantits sp. b No. PI/726, 
like 
The figured specimens numbered PI/78i, Pl/782, 
Pl/733, ।2॥/3 0 Pl/695, Pl/728, Pl/729, Pl/697, 
Pl/75i, Pl/7i9, Pl/746, Pl/749, Pl/730, and Pl/726 
are preserved at the Geological Survey of India, 
Calcutta. The rest of the specimens in the two 
plates are preserved at the Birbal Sahni Institute 
of Palaeobotany, Lucknow. 


G.S.I. 


E 
4 


PLATE 


i SEHURTA— 


SI 


BO 


EG, 


HOF 


isan Woe, 2 


N 


PALAEOBOTA 


पा 


THE 


HOEG, BOSE & SHUKLA — PLATE 2 


THE PALAEOBOTANIST, VOL. 4 


PALMOXYLON SURANGEI, A NEW SPECIES OF PETRIFIED 
PALMS FROM THE DECCAN INTERTRAPPEAN SERIES 


R. N. LAKHANPAL 
Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


A new species of Palmoxylon, P. surangei sp. nov., 
is described from the Deccan Intertrappean series. 
The specimen was collected from Keria, a village 
about two miles south of Mohgaon Kalan, District 
Chhindwara, Madhya Pradesh. The species be- 
longs to the subgroup Cordata of petrified palm 
stems. 


INTRODUCTION 


N February 95l Dr. K. R. Surange and 

I went to Madhya Pradesh ( formerly 

known as Central Provinces ) to make 
collections of the Deccan Intertrappean flora. 
While working at Mohgaon Kalan, the 
famous locality of this flora, we learnt that 
approximately two miles south there was 
another village called Keria where fossil 
plants could be collected in plenty. On 
investigation we found that the actual loca- 
lity lay about 500 yards to the north of 
Keria and was very rich in fossil woods. 
Amongst the specimens collected here was a 
large piece of a petrified palm comprising the 
basal portion of a stem with roots attached. 
After detailed investigation it is found to 
be a new species of Palmoxylon. 

I have great pleasure in naming the species 
after Dr. Surange who first spotted this fossil 
in the field and thus has the credit of dis- 
covering it. 


DESCRIPTION 


In the main the descriptive terminology 
used here is the same as suggested by Pro- 
fessor B. Sahni (943) in his paper on 
Palmoxylon sclerodermum. 


External Characters 


The specimen is a large rusty brown stump 
which, before cutting, measured 37 cm. in 
length and 46 cm. in diameter at the base, 
narrowing to about 33 cm. at the top. A 
thick mantle of adventitious roots surrounds 
the lower 5 cm. of the stump. In the 
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upper part the mantle of roots is replaced 
by a cortical zone measuring about 4 cm. 
in thickness. Next to the cortex inwards 
are the three zones, dermal, subdermal and 
central. 


Anatomy 


Cortex — The fibrovascular bundles are 
scattered in the outer part, becoming gra- 
dually crowded towards the dermal zone. 
They are of various shapes and sizes as shown 
in Text-fig. !. An average bundle is oval 
in cross-section and measures about 0-95 x 
0-45 mm. The base of the sclerenchyma is 
cordate. There are 2-4 vessels in the xylem. 
The f/v ratio varies from 5/ to 0/l, the 
average being 6/l. 

The fibrous bundles are usually circular 
to slightly oval in cross-section, measuring 
about 80 u. in diameter and consisting of 
about 20 fibres. Stegmata are present 
around the fibres. There are some structures 
which in section look like fibrous bundles 
but are devoid of any cellular structure 
within. These may be sclereids or mucilage 
canals. 

The ground tissue is made up of paren- 
chymatous cells which are generally tangen- 
tially elongated ( TEXT-FIGS. 2, 3) except 
at the distal and proximal ends of fibro- 
vascular bundles where they are radially 
elongated. Generally the cells are fairly 
closely packed but sometimes the intercellu- 
lar spaces increase to form lacunae. 

Dermal Zone — It is about 2 cm. thick. 
The fibrovascular bundles are densely crowd- 
ed towards the periphery, becoming less so 
tewards=the centre (Pr. I, Fie. | The 
average frequency is 90-95 per cm.? but in 
the outer region it is as much as [40 per cm.?. 
In cross-section the bundles are elongate 
elliptical in the outer region, becoming 
broadly ovate towards the interior. But 
generally the normal shape of the bundles 
in the crowded exterior region is deformed 
due to pressure against each other. An 
average bundle measures about | 0-5 mm. 
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TEXT-FIGS. -3 — , outlines of some fibrovascular bundles from the cortical zone. x 3. 2, ground 


tissue cells of the cortex in cross-section. X 70. 


All of them are normally orientated. The 
f/v ratio is less in the exterior region, being 
in some cases only about 7/8, and increases 
towards the interior to about 7/l. The 
fibrous part is usually pyriform. The median 
sinus is rounded cordate. The vessels in the 
xylem number l-4, normally 2-3, and are 
excluded. On the distal side, along the 
sclerenchyma the bundles are surrounded 
by elongated parenchymatous cells arranged 
radially ( TEXT-FIG. 4). These cells are 
found only around the bundles of the external 


3, the same in longitudinal section. x 70. 


crowded region; in the inner region they are 
replaced by the usual tabular parenchyma. 
In the less crowded region fibrous bundles 
may occur sporadically. They are about 
0-20 u in diameter. The stegmata are 
present in longitudinal rows on the fibrous 
bundles ( TEXT-FIGS. 6, 7) as well as on the 
sclerenchyma of the fibrovascular bundles. 
The parenchymatous ground tissue is 
scanty and compact. The cells are smaller 
than those of the cortex. They are isodia- 
metric to slightly rectangular in the outer 
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TEXT-FIGS. 4-7 — 4, two fibrovascular bundles from the dermal zone showing the radially elongated 


parenchymatous cells on the distal side. x 70. 


and longitudinal section respectively of the fibrous bundles. 


ig. 7. Both x I5. 

region, becoming longer and bigger towards 

the interior. At places some of the longer 

cells arrange themselves in wavy horizontal 

rows as seen in transverse section. 
Subdermal Zone— This zone is nearly 

4 cm. in thickness. There are 45-50 fibro- 


5, end wall of a large vessel. ५०७॥॥७५ 


6, 7, cross-section 
Stegmata are visible on the surface in 


vascular bundles per cm.?. They are broad- 
ly oval to slightly ovate in cross-section 
(Pr. , Fic. 3). Their normal size is 0-95 x 
0-65 mm. The f/v ratio in average bundles 
is 5/ to 6/l. The sclerenchyma is broadly 
round, pyriform to orbicular and the xylem 
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is narrower, pointing towards the centre. 
Auricular lobes are round. Auricular si- 
nuses are obtuse, being less prominent in 
broader bundles. The tabular parenchyma 
is present. The phloem which is wedged in 
between the xylem and the median sinus is 
very poorly preserved, generally disorganized. 
The xylem usually consists of 2-3 vessels, 
excluded. The pitting of the metaxylem is 
scalariform in the narrow elements and reti- 
culate in the wider ones. The protoxylem 
has spiral thickening. The end walls of 
the vessels are slightly oblique and have 
scalariform or reticulate thickening with 
nearly half a dozen broad rounded meshes 
(PEC?) FIG. 7s TEXT-FIC. 5): 

Occasionally leaf trace bundles ( PL. ], 
Fic. 4) also occur in the dermal as well as 
the subdermal zone. In these bundles the 
xylem is greatly developed, almost double 
that of the fibrovascular bundles, and in 
cross-section projects like a tongue. There 
is an arc of sclerenchymatous cells on the 
ventral border. 

Fibrous bundles occur sporadically, each 
consisting of about 20 fibres and measuring 
approximately 80 u in diameter. Stegmata 
are present as in the dermal zone. Idio- 
blasts are not seen. 

The ground tissue is quite compact and 
consists of fairly big parenchymatous cells 
which in cross-section appear elongated with 
round edges. Wavy horizontal rows of 
longer cells are seen in the outer region. In 
wider areas between the fibrovascular bundles 


the cells tend to become broader, some 
attaining almost circular outline. An ave- 
rage cell is 50 u long and 60 u. wide. The 


round ones average about 80 u across. In 
longitudinal section the cells are round, 
isodiametric to slightly elongated. 

Central Zone — This is the widest part of 
the stem with a radius of about 6:5 cm. 
The fibrovascular bundles are irregularly 
orientated (Pr. l, Fic. 5 ), broadly ovate in 
cross-section, measuring about 0:95 x 0-8 mm. 
Aproximately 25 bundles occur per cm.?. 
The average f/v ratio is 4/l. The scleren- 
chyma is broad and orbicular with broad 
rounded cordate base ( PL. , Fic. 6), some- 
times appearing as reniform. The xylem is 
better developed than in the subdermal zone, 
with obtuse auricular sinuses. There are 
usually 3-4 vessels in the xylem. 

The fibrous bundles and stegmata are 
present ( PL. 2, Fic. 9) as in the subdermal 
zone. The structure of the ground tissue 


also is essentially the same as in the sub- 
dermal zone. However, because of more 
space between the fibrovascular bundles, the 
cells become broader and more rounded as 
they approach the centre. 

Roots —The roots are closely packed, 
usually deformed by crowding together. 
They measure 5-7 mm. in diameter, the ones 
coming from the periphery being narrower 
than those arising from the central region. 

Seen in cross-section ( Pr. 2, Fıcs. 0 0 कक) 
the outermost layer, about 30 (५ in thickness, 
is indistinguishable. Next to this is the 
cortex which can be distinguished into three 
parts — outer, middle and inner. The outer 
cortex, about 05 mm. thick, is formed of 
compact rows of thick-walled, dark-coloured, 
rounded cells, approximately 25x30 ७ in 
size. The middle cortex is about l mm. 
thick. It is composed of round, thin-walled 
cells, about 35 u in diameter, rather loosely 
packed and with air cavities between them. 
In this region also occur a number of fibrous 
bundles appearing almost circular in outline. 
They are slightly bigger than those of the 
stem region, usually measuring 0-20 u 
in diameter, while some may be as big as 
60 u across. Stegmata are present around 
these bundles. Some of the structures 
looking like fibrous bundles in cross-section 
but having no cellular structure within may 
be sclereids. The inner cortex is a more 
compact zone, about 0-2 mm. in thickness. 
Next to the cortical region inwards is a layer 
of rectangular cells constituting the endoder- 
mis. Next are two layers of thin-walled cells 
of the pericycle. There are about 22 bundles 
each of the xylem and phloem alternating 
with each other and arranged in a circle 
concentric with the endodermis. Each 
xylem bundle usually contains one big 
vessel surrounded by a ring of parenchy- 
matous cells. Occasionally one or two 
smaller vessels may also be associated with, 
and situated on the outer side of, the big 
vessel. The vessels are oval in cross-section, 
measuring about l40-90 y in radial and 80- 
ll5 x in tangential direction. The phloem 
bundles are not well preserved and occur as 
light patches alternating with and a little 
outward of the xylem vessels. On the inner 
side the vascular bundles are embraced by 
thick-walled polygonal cells of the conjunc- 
tive parenchyma which extends by about 
0-2 mm. beyond the vascular row towards 
the centre where it meets the central core 
of the pith composed of thin-walled cells. 
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The inner boundary of the conjunctive tissue 
is irregularly sinuous. The cells in the pith 
are round, measuring about 20-25 y in dia- 
meter. In the pith region there may be I-4 
medullary bundles each consisting of a ves- 
sel encircled by a ring of thick-walled cells. 


DISCUSSION 


So far there is no available system for the 
natural classification of petrified palm stems 
which are all grouped under the form genus 
Palmoxylon. In 935, based on an extensive 
study of modern palms, Kaul had announced 
that palm stems could be identified by the 
structure of their ground tissue. But this 
work has not yet been published in full. 
At present the only course open is to classify 
the genus artificially. For this purpose Pro- 
fessor Sahni’s scheme (943, pp. 2i8-29 ) 
based jointly on the classifications of von 
Mohl (845) and Stenzel (l904) is very conve- 
nient and suitable. According to this scheme 
P. surangei falls under the subgroup Cordata. 

Comparison with Indian Palmoxyla — Of 
the already described Palmoxyla from India, 
only P. sclerodermum ( SAHNI, 943; SHUKLA, 
946 ) belongs to Cordata. It resembles our 
species in (i) the general appearance, orien- 
tation and distribution of fibrovascular 
bundles, (ii) the sculpturing of the xylem 
elements ( with some difference with regard 
to the end walls of the vessels), (iii) the 
presence of fibrous bundles and stegmata, 
and (iv) the general form of the leaf-trace 
bundles, having a tongue-like vascular pro- 
cess with ventral sclerenchymatous arc. 

- In a number of other characters, however, 
the two species are distinctly separate. The 
ground tissue cells of the cortex are radially 
elongated and often occur in layers in P. 
sclerodermum while they are tangentially 
elongated in P. surangei. The fibrovascular 
bundles are bigger and more crowded; and 
their f/v ratio is higher in P. sclerodermum 
than in P. surangei. Auricular sinuses are 
almost absent in P. sclerodermum while they 
are usually present and obtuse in P. surangeı. 
The end walls of the broad xylem vessels in 
P. sclerodermum are very oblique and have 
scalariform thickening. In P. surangei they 
are less oblique and generally with reticulate 
thickening. In P. surangei the sclerenchyma 
of a few outer rows of the dermal bundles is 
externally surrounded by radially elongated 
parenchymatous cells. This character is not 
met with in P. sclerodermum. The frequency 


of fibrous bundles is higher in P. surangei 
than in P. sclerodermum. The ground tissue 
cells in P. sclerodermum are smaller ( 0-08 x 
0-06 mm.) and roughly isodiametric while in 
P. surangei they are bigger (0-5 x 0-06 
mm.), oval, oblong and elongated. The 
more rounded cells of the latter species 
average about 0-08 mm. in diameter. The 
cells in P. sclerodermum are lobed while this 
tendency is not prevalent in P. suranget. 

In the roots of P. suranger, fibrous bundles 
are found in the middle cortex while no such 
fibrous bundles occur in P. sclerodermum. 
The structure of the xylem bundles is dif- 
ferent in the two species. While in P. sclero- 
dermum there are 3-4 vessels placed end to 
end in radial direction, in P. surangei there 
is usually only one big vessel. Another im- 
portant difference is the presence of medul- 
lary bundles in the pith region of P. suranget. 
Such bundles have not been recorded in P. 
sclerodermum. 

Comparison with Foreign Palmoxyla — Of 
the foreign known species only P. densum 
(UNGER) Schenk and P. speciosum ( STEN- 
ZEL ) Schenk described by Stenzel (000) 
can, to some extent, be compared with the 
present species. 

P. densum is known only by the outer 
parts of the stem. This species resembles 
P. surangei in having roughly comparable 
shape of the fibrovascular bundles, increas- 
ing distance between the bundles and de- 
creasing f/v ratio as we go inwards, the pre- 
sence of fibrous bundles and stegmata, and 
the general form of the leaf trace bundles. 
However, there are a number of differences 
which distinguish it from P. surangei. The 
frequency of fibrovascular bundles in P. 
densum is higher than in P. surangei. In 
P. densum the auricular lobes are very promi- 
nent, the auricular sinuses being acute. In 
P. surangei the auricular sinuses are obtuse 
and not so prominent. The median sinus 
is reniform in P. densum and cordate in P. 
surangei. No stegmata have been reported 
from the fibrous part of the fibrovascular 
bundles of P. densum while they are present 
in P. surangei. The ground tissue is quite 
different in the two species. The cells are 
smaller (about 50-70 u in diameter ), more 
rounded and often arranged in vertical rows 
in P. densum. InP. surangei they are bigger 
and elongated. Their arrangement is differ- 
ent and not in vertical rows. Some of the 
cells are polygonal in P. densum while no 
polygonal cells are seen in P. suranget. 
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In the general shape of the bundles, pre- 
sence of fibrous bundles with stegmata, and 
the ground tissue consisting of elongated 
cells, P. surangei also resembles P. speciosum. 
But, as enumerated below, there are a num- 
ber of differences between the two species. 
In P. speciosum the fibrovascular bundles 
are bigger (l-l-25 mm. across) and more 
sparsely distributed (5-2] per cm.? in the 
subdermal region). In _ cross-section al- 
though the fibrous part of some bundles of 
P. speciosum does seem cordate as in P. 
surangei, in majority of them it is sagittate. 
The f/v ratio is higher in P. speciosum, espe- 
cially in the outer region. The auricular 
sinuses are acute in P. speciosum and obtuse 
in P. surangei. While a large number of 
bundles in P. speciosum have only one big 
vessel, those in P. surangei have 2-3. Fibrous 
bundles are more numerous and bigger ( 00- 
l66 u in diameter) in P. speciosum. The 
ground tissue cells are longer in P. speciosum 
( 66-250 u in length and 40-60 y in width ). 
The arrangement of these cells is also dif- 
ferent in the two. In P. speciosum there is 
usually one short polygonal cell at places 
where the long cells from all the directions 
meet. Such an arrangement is not seen in 
P. surangei. 


DIAGNOSIS 


Genus — Palmoxylon 
Sub-group — Cordata 
Palmoxylon surangei sp. nov. 
Plates ॥) 2, Text-figs. ]-7 


Stem thick ( in type specimen about 33 cm. 
in diameter near the base). Cortex fairly 
thick, composed of thin-walled parenchy- 
matous cells elongated horizontally and con- 
taining scattered fibrovascular and fibrous 
bundles. Dermal and subdermal zones fairly 
well developed, central zone quite broad. 
Fibrovascular bundles in the dermal, sub- 
dermal and central zones almost of the same 
size, becoming slightly bigger towards the 
centre. Dermal bundles 90-95 per cm.?; 
f/v ratio 9/2; external bundles with radially 


elongated parenchymatous cells on the 
dorsal side; inner bundles having tabular 
parenchyma; median sinus cordate; number 
of vessels in the xylem usually 2-3, excluded. 
Subdermal bundles 45-50 per cm.? measuring 
ca. 0:95 x 0:65 mm.; f/v ratio 5/l-6/l; tabular 
parenchyma present; auricular sinus obtuse; 
xylem usually consisting of 2-3 vessels, ex- 
cluded; thickening of the metaxylem scalari- 
form to reticulate; end walls of the vessels 
slightly oblique with scalariform or reticulate 
thickenings with wide perforations between 
them. Central bundles far apart, about 
25 per cm.?, broad, looking almost orbicular 
in cross-section, 0-95x 0-8 mm. in size; f/v 
ratio 4/l; median sinus broad, almost reni- 
form; xylem usually with 3-4 vessels. 
Fibrous bundles present in all the zones, 
measuring about 80 y in diameter. Steg- 
mata present on fibrous as well as the 
fibrovascular bundles. Leaf trace bundles 
in the dermal and subdermal zones radially 
stretched with well-developed xylem pro- 
jecting as a tongue-like process. Ground 
tissue composed of thin-walled, elongated, 
oval-oblong cells with rounded corners, 
arranged horizontally; more compact in the 
dermal zone and rather loose in the sub- 
dermal and central zones; average subderma. 
cell measuring 50 60 y in size; in wider 
areas between the fibrovascular bundles the 
cells tend to become broader, some attaining 
almost circular outline in cross-section. 

Roots running downwards, closely packed, 
5-7 mm. in diameter. Cortex made of 3 
zones; middle cortex with aerenchyma con- 
taining fibrous bundles. The stele consist- 
ing of about 22 xylem bundles alternating 
with phloem; the xylem of each bundle 
usually consisting of one large vessel and 
rarely one or two small ones. Pith com- 
posed of thin-walled cells, often with [-4 
medullary bundles. 

Locality — About 500 yards to the north 
of the village Keria in Chhindwara district, 
Madhya Pradesh. 

Horizon — Deccan Intertrappean series. 

Collection — Holotype, specimen No. 7426 
of the Birbal Sahni Institute of Palaeobotany 
Museum. 
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PAGE 
Palmoxylon surangei sp. nov. 


i. Part of cross-section through the dermal zone. 
Wavy horizontal rows of long parenchymatous 
cells are clearly visible. x 73. 

2. Part of cross-section through the subdermal 
zone: < 72: 

3. A subdermal fibrovascular bundle seen in 
cross-section. x 50. 

4. A leaf-trace bundle from the subdermal zone 
seen in cross-section. X 50. 

5. Part of cross-section through the central zone 
showing irregular orientation of the bundles. 73. 

6. A central fibrovascular bundle seen in cross- 
section. x 50. 


PLATE 2 
Palmoxylon surangei sp. nov. 


7. Longitudinal section through a fibrovascular 
bundle with the vessel showing the end walls. x 50. 

8. Surface view of a vessel showing mixed scalari- 
form and reticulate thickenings. x 270. 

9. Longitudinal section through the central zone 
showing stegmata (s) on the fibrous cells. 

0. Transverse section through a root. oc, outer 
cortex; mc, middle cortex; ic, inner cortex; fb, 
fibrous bundle; st, stele; p, pith. x 23. 

il. Magnified view of a part of the T.S. through 
a root “me. middle ‘cortex: ic) immer cortex; 
fb, fibrous bundle; ph, phloem bundle; x, xylem 
bundle; mb, medullary bundle. x 50. 
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PLANT FOSSILS FROM PARSORA IN THE SOUTH REWA 
GONDWANA BASIN, INDIA 
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Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


The paper contains a description of plant im- 
pressions collected from Parsora in the South 
Rewa Gondwana Basin. Four new species are 
ascribed to Neocalamites, Samaropsis, Pterophyllum 
and Araucarites respectively. Certain leaves strong- 
ly suggest the presence of Taeniopteris spatulata. 
Besides, further contributions to the knowledge of 
Thinnfeldia odontopteroides and Thinnfeldia ( Danae- 
opsis ) Hughesi have been made and the occurrence 
of Noeggerathiopsis Hislopi and Glossopteris has 
been confirmed. Attempt has been made wherever 
possible to study the epidermal characters of the 
fossils under strong incident light. The entire 
fossil evidence brings to light for the first time 
the presence of an undoubted and perhaps strong 
Mesozoic ( Upper Gondwana) element in the 
Parsora flora occurring with certain Lower Gond- 
wana ( Palaeozoic) forms. It seems more pro- 
bable now that the Parsora beds represent a younger 
horizon of the Triassic period, probably Middle to 
Upper Triassic. 


INTRODUCTION 


described here represent a part of a 

collection made by me from several 
localities of the South Rewa Gondwana 
Basin during 952-54. The exact place 
( 23°26’: 84°5’30”), about five and a half 
miles N.E. of the village Pali ( Birsinghpur 
Ry. Station; Katni-Bilaspur line ), is situat- 
ed on the east bank of the Ghorari Nala 
(locally called Kamrai Nala ), N.W. of the 
deserted site of the South Parsora village 
(Ref. Topo Sheet 64 £). The description 
given by Hughes (88, p. 34) leaves no 
doubt regarding the close agreement between 
his fossiliferous spot and mine. It is, how- 
ever, worthwhile to note that the Parsora 
fossil locality as given by Fox ( 93], p. I85; 
viz. 23°24'5”: 84°5’30”) is situated about 
two miles south of the Parsora village. 
Similarly, the typed notes sent by the 
Geological Survey of India (933) to Prof. 
Sahni which were based on Aiyengar’s field 
work in the South Rewa area show that 
although the Parsora locality has been 
correctly marked on the original map of 
Aiyengar, the reference to its latitude and 
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longitude is misleading. Saksena’s reference 
(952, p. 8) to the geographical location of 
the Parsora fossil locality is also a mistake 
which he has now acknowledged. 

My collection is strictly confined to a 
single bed about I ft. thick, of a compact, 
fine-grained, dark red-brown, ferruginous, 
micaceous sandstone (apparently like a 
shale ) which at its base is distinctly ochre 
yellow, both zones being fossiliferous. This 
bedis overlain at the spot by a coarse-grained, 
ferruginous, loose, unfossiliferous sandstone 
and underlain by a purplish-white, rather 
mottled, fine-grained sandstone which also 
did not yield any fossils. The section of 
rocks is, however, better exposed in the 
adjacent gorge, where fairly thick intercala- 
tions of mottled shale, sandstone and occa- 
sional ironstone bands are visible, attaining a 
thickness of about 40 ft. The dip is gentle 
towards north. 


DESCRIPTION 
(l) Genus — Neocalamites Halle 
Neocalamites Foxit sp. nov. 


There are in my collection about 35 speci- 
mens of equisetalean stems. Commonly the 
stems are narrow ( PL. l, Fic. 2) but a few 
of them are considerably broad and long 
(Pre ॥ Fires 0 2). Ehetossils are devoid 
of leaves or leaf-sheaths. 

A typical specimen shown in PI. , Fig. 7, 
is i8-7 x 3.6 cm., with one node and two 
incomplete internodes; internodes traversed 
by parallel, regular, conspicuous ridges and 
grooves, about l3-]4 per centimetre, conti- 
nuous from one internode to the other al- 
though somewhat interrupted at the nodal 
region which is about 4 mm. wide. 

Pl. , Fig. 2, shows a narrow type of stem 
with one internode. 

A large stem, (G.S.I. Coll.), 37 x 7 cm., 
is shown in Pl. l, Fig. 6. There are two dis- 
tinct nodes separating three ribbed internodal 
regions. The internode measures [7-3 cm. ; 
the nodal region is about 6 mm. wide. 
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Comparisons — The Parsora forms are com- 
parable to N. ferganensis Krysht. described 
by Kryshtofovich (03 307 5, Fic. 4) from 
the Mesozoic of the Angara group, but 
N. Foxii differs in having larger and broader 
stems. N. Foxii also shows a good deal of 
resemblance in the general form and fre- 
quency of ridges with N. carrerei ( Zeiller ) 
Halle recorded by Sze (933, p. 24) and P’an 
(936, p. 9) from the Mesozoic of China and 
also with N. carcinoides Harris ( 93], 9. 25, 
PL. 6, Fic. 5) and recorded by P’an (ibid; 
p. 9; Pr. 3, Fics. 4,5). Both these species, 
however, differ in having much _ shorter 
internodes. 

Stem impressions referred to Phyllotheca 
and Schizoneura found in the Lower Gond- 
wanas of India are also ribbed and the ribs 
are continuous at the nodes. However, the 
Parsora specimens are much larger and the 
frequency of ridges and grooves is much more 
than in Phyllotheca and Schizoneura. The 
leafless stems do not show many characters 
for comparison, but they confirm the pre- 
sence of Neocalamites at Parsora. Since Fox 
(93, 9. 90 ) was first to refer to the occur- 
rence of Neocalamites at Parsora, the species 
has been named after him as Neocalamites 
Foxi which furnishes the first record of the 
genus from India. 


Diagnosis 
Neocalamutes Foxii sp. nov. 


Stems fairly long and broad; internodes 
long, grooves and ridges prominent, varying 
from 0-20 but with an average from ]2-i4 
per centimetre, continuous from one inter- 
node to the other with some wide interruption 
at the node. 

Holotype — No. 504 (PL. 
B.3. 0 56 Collection: 


I» Bie. 7) 


(2) Genus — Glossopteris Brongniart 


Glossopteris? Browniana Bet. 


The occurrence of Glossopteris at Parsora 
had hitherto remained open to doubt. 
Cotter (97, pp. 34, 30) reported Glossop- 
terıs from Daigaon which he incorporated 
in his ‘ Parsora Stage’. Sahni (0०22 pp. 
clxii-clxiii ), following Cotter’s term and his 
list of fossils was also led to similar con- 
tentions. Fox (93l, pp. 93, 94) doubted 
the presence of Glossopteris at Parsora. 
Later, Saksena (952, p. 8) reported a 


doubtful Glossopteris from Parsora itself. 
However, I believe that Saksena’s fossils 
may be fragmentary and ill-preserved fronds 
of Danaeopsis. I have now been able 
to obtain from Parsora a single impression 
of an almost complete frond which can be 
undoubtedly referred to Glossopterns. 

The frond ( PL. 2, Fic. ०/0 is almost com- 
plete, narrow, linear, spathulate, measuring 
2:7 cm. in length and l cm. in breadth. 
Apex obtuse; midrib about I mm. broad, 
distinct for most part except near the apex 
where it fades out. A fragment of the 
counterpart (Pr. 2, Fic. 8) shows clear 
secondary veins, slightly arched near midrib, 
oblique, reaching the margin at an open 
angle. Network fairly open, meshes of 
medium breadth, elongate polygonal, com- 
paratively broader and occasionally shorter 
in the neighbourhood of the midrib; towards 
the margin the secondary nerves tend to 
bifurcate, the anastomoses getting narrower. 

The nature of the network coupled with 
the obtuse shape of the apex and spathulate 
form of the leaf are strongly suggestive of 
Glossopteris Browniana. I have, therefore, 
included the frond under the species Glossop- 
terıs Browniana Bet. 


(3) Genus — Thinnfeldia Ettingshausen 


(i) Thinnfeldia ( Danaeopsis ) Hughesi 
( Fstm.) Seward 


It is unnecessary to go into the history of 
controversy that has existed over the dis- 
tinction between Thinnfeldia and Dicroidium 
for which reference can be made to Seward 
( 903, p. 50), Antevs (/0॥ 0) and Du Toit 
(927, p. 328). There seems te be no 
general agreement in this matter and the 
choice between the two generic names is still 
largely a matter of individual discretion. 
I have adopted the name Thinnfeldia in a 
comprehensive manner as used by Du Toit 
( Ibid.), Seward (932, 9. 242) and Arber 
(97, 9. 48) including the forms of Dicrot- 
dium. 

Thinnfeldia ( Danaeopsis ) Hughesi was des- 
cribed by Feistmantel (882, p. 25) from 
Parsora. Cotter (97, p. 32), while overhaul- 
ing Hughe’s collection ( which was described 

by Feistmantel) found specimens of this 
species from another locality, Barhut, which 
is situated l0 miles W.N.W. of Parsora. 

There are about forty specimens of Thinn- 
Jeldia ( Danaeopsis ) Hughesi in my collection 
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from Parsora, some of which are considerably 
large in size and exhibit a dichotomizing 
thick rachis. The species has already been 
elaborately described by Feistmantel. How- 
ever, its epidermal structure is not known 
which is described below. 

E pidermal Cliaracters — Cuticular prepara- 
tions from these fronds could not be made. 
The epidermal structure is, however, dis- 
cernible to a certain extent under strong 
incident light. In some fronds portions of 
the rachis and pinnules are covered by a 
thin crust, probably of a ferruginous sub- 
stance. This crust shows over its surface 
what appears to be imprints of epidermal 
cells. Cellular pattern is also visible below 
the level of the crust. It is interesting to 
find how the epidermal cells have left their 
imprints in a ferruginous substance which 
has hitherto been regarded as a bad pre- 
servative. 

The cells of the main rachis ( PL. 2, Fic. 
26; TEXT-Fic. l) are usually polygonal in 
shape, commonly 4-6 sided, elongated, 
straight walled and arranged in longitudinal 
rows. The dimension of these cells shows 


TEXT-FIG.  — Thinnfeldia ( Danaeopsis ) Hughesi. 
Epidermal cells of the rachis. X 300. 


. to those of the rachis. 


a range from about 43 to 0l u in length 
and from about 30 to 43 u in breadth. 

The cells of the midrib of the pinnules 
( PL. 2, Fics. 8, 0 ) are more or less similar 
The dimension of 
the cells varies from about 58 to I6 u in 
length and from about 36 to 5 u in breadth. 
In certain cases the midrib shows the pre- 
sence of some structures which, due to their 
slightly different appearance and orientation, 
are suggestive of stomata. However, due 
to unsatisfactory preservation it is difficult 
to confirm this observation. 

The cells of the lamina of the pinnules 
( PL. 2, Fic. 5 ) are polygonal, more or less 
equidimensional, 4-6 sided, straight walled 
and follow the direction of the secondary 
veins. Along the margin of the leaf the 
cells may, however, be somewhat more elon- 
gated. The cells along their longer axis 
show a range from about 43 to 72 u. 

Occasionally, cells are also observable 
below the general level of the crust ( PL. 2, 
Fig. 24) which in their shape and dimensions 
bear close similarity with those of the crust. 

There are certain structures recalling 
stomata (Pr. 2, Fics. 27 4) found in the 
epidermis of the pinnules. They are dis- 
tinguished by their comparatively bigger 
size, oval to round appearance, ? irregular 
orientation and sometimes by certain cres- 
cent shaped cells (? guard cells) which ap- 
pear to enclose a longitudinal pore (Pr. 2, 
0.2) 


(il) Thinnfeldia odontopteroides (Morr.) Fstm. 


The specimens described by Feistmantel 
(882, p. 30) from Parsora as Thinnfeldia 
odontopteroides ( Morr.) Fstm. are incom- 
plete, ill-preserved and do not show any 
details of the venation of the pinnules. I 
have now obtained a fairly large and com- 
plete frond of T. odontopteroides. 

Frond (Prs#l, Bie, 429 lex ric.-27; 
bipinnate, almost complete, large in size, 
9 cm. long and l2 cm. broad at the broadest 
part. Rachis stout, tapering gradually from 
base upwards, 3-5 mm. broad at the base, 
with a median longitudinal groove distinct 
in the basal part, tending to be less promi- 
nent in the middle and disappearing in the 
apical region. Pinnae alternate, usually 
about Î cm. apart, but tend to be slightly 
closer and shorter in the apical region; one 
of the complete pinnae at the basal end 
measures {0-5 cm. in length. Midrib of the 
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TEXT -FIGS. 2, 3 — 2, Thinnfeldia odontopteroides Morr. Nat. size. 3, Taeniopteris spatulata McCl. X ca. 2-5 


LELE — PLANT FOSSILS FROM PARSORA 27 


pinnae distinct, about 0-5 mm. broad, slightly 
curving down near its attachment with the 
main rachis. Pinnae given out at about 
40° from the main rachis. Pinnules (Pr. ], 
Fig. 5 ) more or less rhomboidal, sub-opposite, 
attached by the whole of their bases, conti- 
guous, cohering near the base and usually 
slightly free at their apex due to partial in- 
dentation which in some cases is not distinct 
due to unsatisfactory preservation. The 
main rachis does not appear to bear directly 
any individual pinnule as described by Feist- 
mantel. Each pinnule has an_ identical 
venation (| Fic. 5). Usually a vein 
bifurcates at or very close to its emergence 
from the midrib of the pinna. One of the 
veins resulting from bifurcation supplies 
almost # of the pinnule while the other is 
confined to a small area closer to the lower 
margin. There are about 0-]2 ultimate 
veinlets in a pinnule. 

Comparisons — The specimens of Thinn- 
feldia odontopteroides figured by Feistmantel 
( 882, Pıs. 8, 20 ) from Parsora show certain 
differences between themselves and only add 
to the known variability of the genus Thinn- 
feldia. His Parsora forms are also not exactly 
comparable to those recorded by him (88l, 
p. 87; PL. 23A, Fics. 7-9 ) from the Ramkola 
coalfield. On the other hand, his Parsora 
specimens bear striking resemblance to T. 
odontopteroides recorded by Seward ( 903, 
Br RIG. fb t.76,.PiG.. ia Pe. Lis Ete, 2) 
from Cape Colony, by Walkom ( 97, PL. 3, 
Fic. I) from the Mesozoic of Queensland, 
by Antevs ( 94, Pr. 4, Fic. 2) and recently 
by Gordon and Brown ( 952, Pr. , Fic. 3) 
from the Triassic of Brazil. 

My specimen differs from those of Feistman- 
tel from Parsora in the following respects. 

(i) In his case the pinnules are distinctly 
shorter and blunt towards the lower part 
of the frond and become more regular to- 
wards the apical region; while in my speci- 
men the pinnules are rather bigger in the 
lower region and they invariably maintain a 
regular shape throughout the entire frond. 

(ii) In Feistmantel’s Parsora specimens, 
the pinnules are opposite while in my case 
they are sub-opposite, with a tendency to 
become occasionally alternate. 

(iii) The dichotomy of the entire frond is 
not clearly borne out by Feistmantel’s speci- 
mens, which show a rachis dichotomizing 
into two pinnae at acute angles. My frond 
does not show such a character and it is a 
distinctly bipinnate frond. In this respect 


my specimen is very much similar to the one 
recorded from the Molteno Beds of South 
Africa reproduced by Seward ( 90, 9. 540; 
FıG. 357) and another recorded by Gordon 
and Brown ( (052 Pr. । Fic. 5 ) from Brazil. 
(iv) The rachis, in Feistmantel’s specimens 
directly bears pinnules. This feature is, 
however, entirely absent from my specimen 
in which case the main rachis bears only 
alternate pinnae. | 
Despite these dissimilarities between Feist- 
mantel’s specimens and mine, they can be 
regarded as specifically identical. It should 
be, however, mentioned that my Parsora 
specimen is almost similar to those recorded 
from the Ramkola coalfield by Feistmantel. 
The Ramkola specimens can be regarded as 
representing just a pinna of a bipinnate 
frond. The pinnules in these specimens, 
however, seem to be sub-opposite and not 
opposite as regarded by Feistmantel. 


(4) Genus — Samaropsis Goeppert 
Samaropsis Srivastavai sp. nov. 


The Parsora bed seems to be rich in winged 
seeds which can be assigned to the genus 
Samaropsis. The collection includes over 
00 specimens all of which are referable to a 
single new species. 

The-seeds ( Pr. 2, Fics 4,49) are-com- 
monly oval to round in form, showing a 
variation in size from 0-8 to 2 cm. in length 
and 0-6 to i:7 cm. in breadth. The nucule 
is large and has an outline closely agreeing 
with that of the wing. Some of the better 
preserved specimens show fine longitudinal 
striations on the surface of the nucule. The 
sarcotesta forms a single, comparatively 
much narrow papery wing-border around 
the nucule, about l-2 mm. broad and uni- 
form in well preserved specimens (Pr. 2, 
Fig. 9), with a well-marked sinus at the 
apex. But commonly the fossils show 
practically no distinction between the nucule 
and the border which is, I think, chiefly due 
to the deposition of a white substance all 
over the seed which masks the details. The 
most significant character exhibited by these 
seeds is the presence of two conspicuous 
hook-like, rather acute projections of the 
wing at the apex enclosing a sinus. In some 
cases the sinus may be relatively narrow due 
probably to the mode of preservation. 

Comparisons — The Parsora specimens are 
quite distinct from the known species of Sama- 
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ropsis from India described from the Talchir- 
Karharbari groups ( FEISTMANTEL, 879a, 
l88la) and the Raniganj and Panchet groups 
( FEISTMANTEL, ]880, 88] ). 

The species S. Milleri ( Fstm.) Seward 
and Sahni (920, p. 9), the occurrence of 
which is also known from the Karharbari beds 
of South Rewa ( Feistmantel, 882, 9. 43 ) is 
easily distinguishable from the Parsora seeds 
by its larger size. The other species, S. 
indica ( Zeiller) Seward, recorded from the 
Karharbari beds of India is much bigger in 
size and finds no comparison with the Parsora 
specimens. 

Seward and Sahni 2000) pr 3; =r Zz, 
Fic. 2) have described Samaropsis ranı- 
ganjensis obtained from the Raniganj group 
from a locality between Karkoti and Malhadu 
which, I believe, is in the South Rewa Gond- 
wana basin and located about 4 miles south 
of Parsora. Feistmantel ( 882, 9. 0) has 
mentioned the occurrence of seeds at this 
spot. S.ranıganjensis is, however, compara- 
tively smaller, has more conspicuous border 
and does not show apical horns. 

Saksena (950, 9. 6) has reported two 
new species of Samaropsis from the Ganjra 
nala beds ( Lower Gondwana ) from South 
Rewa. His species, S. johillensis differs in 
having two large, lateral and inclined wings. 
The other species, S. ganjrensis, although 
resembling in general outline to a certain 
extent, has two wings and shows no hook- 
like apical projections which characterize 
the Parsora seeds. 

To a certain extent the Parsora specimens 
are comparable to the figure of Samaropsis 
acuta, Lind and Hutt. reproduced by Seward 
(97, p. 7l, Fic. 444) in the presence of 
apical hooks. The Parsora seeds are, how- 
ever, comparatively bigger in size, possess 
a uniform breadth of the border all around 
the nucule and show no evidence of vascular 
strand. 

In the absence of identity with any of the 
known species of Samaropsis, the Parsora 
seeds are assigned to a new species, Sama- 
ropsis Srivastavaı in memory of my friend, 
the late Dr. P. N. Srivastava. 


Diagnosis 


Samaropsis Srivastavai sp. nov. 


Seeds oval to round, 0-8-2 cm. in length 
and 0-6-l-7 cm. in breadth; nucule oval or 
round, large, agreeing closely with the out- 


line of wing; wing single, papery, narrow, 
uniformly all around the nucule and pro- 
duced into two hook-like apical horns en- 
closing a sinus. 
Holotype — No. 8744 ( PL. 2, Fic.  ). 
Paratype — No. 8769 (PL. 2, Fic. 9). 
B:S:LP» Collection: 


(5) Genus — Noeggerathiopsis Feistmantel 


Noeggerathiopsis Hislopi (Bunb.) Fstm. 


Feistmantel ( 882, 9. 4; PL. 9, Fics. , 3 ) 
recorded Noeggerathiopsis Hislopi from Par- 
sora. Doubts have, however, been ex-press 
ed by certain workers (Fox, 93l, p. 90) 
regarding the occurrence of this species at 
Parsora, but there seems to be no justifica- 
tion for this. 

Seward and Sahni ( 920, Pr. 3, Fic. 30) 
have reproduced from Parsora, Danaeopsis 
Hughesi occurring with a Noeggerathiopsis 
Hislopi on the same block, although they 
have made no remarks on the latter species. 
On closer scrutiny, I am inclined to think 
that Feistmantel’s Noeggeratmopsis shown 
on his PI. 9, Fig. l, is the same as that repro- 
duced by Seward and Sahni (loc. cit.). 
Feistmantel, for reasons unknown, omitted 
the Danaeopsis which occurs along with 
Noeggerathiopsis on the same block. This 
specimen reproduced by Seward and Sahni 
has been seen by me which enables me to 
confirm Feistmantel’s identification of Noeg- 
gerathiopsis Hislop. 

I have also been able to collect as many 
as Î5 specimens which in spite of their in- 
completeness and unsatisfactory preserva- 
tion are referable to Noeggerathiopsis His- 
lopi. These leaves ( PL. 2, Fic. 25 ) appear 
to have been comparatively larger and bear 
striking resemblance to those described by 
Feistmantel from Parsora as well as from Kar- 
harbari horizon in South Rewa ( 882, PLs. 
4, 5 ). So far as dichotomy of the veins is 
concerned, Feistmantel’s specimen ( 882, PL. 
9, Fic. l) brings it out more clearly than 
my specimens in which case dichotomy is 
traceable only at certain places. Most of the 
specimens also show the presence of intersti- 
tial veins as distinguished from true veins. 


(6) Genus — Pterophyllum Brongniart 
Pterophyllum Sahnii sp. nov. 


The occurrence of Pterophyllum in the 
Parsora bed has already been recorded by me 
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( 80, p. कि specimens of this 
frond were collected by me and there is still 
another identical specimen belonging to the 
Aiyengar collection of the Geological Survey 
of India. The specimens suggest much 
bigger fronds which have been incompletely 
preserved. 

dbeviype specimen (Prwly Brei) iscan 
incomplete, pinnate frond with a stout and 
straight rachis measuring 47 cm. in length 
and 6 mm. in breadth. The pinnae are 
linear, usually parallel-sided, closely set, 
more or Jess equal in breadth (with one 
exception ), attached to the rachis at right 
angles and by the whole of their bases. The 
exceptionally narrow pinna shows slight 
contraction near the base but this is not a 
regular feature. Complete pinna is absent. 
Judging from the broad, parallel sides of the 
segments the apex of the pinnae appears to be 
somewhat truncate. The maximum length 
measured of a pinna is l0 cm. and average 
breadth 3 cm. Veins are many, averaging 
50, distinct, 0-5 to 0-8 mm. apart, usually 
bifurcating close to their emergence where 
they take a narrow curve and then run 
parallel to the edge of the pinna, rarely 
showing bifurcation again. 

ivesGo le specimen (PL. ul, Frc... 3!) % 
much larger, measuring 27 cm. in length 
and 20 cm. in breadth. Unlike my speci- 
men, this frond shows slight expansion at 
the base of one pinna. The contraction or 
expansion of the pinna base is, however, not 
a distinct character of the species. 

When cuticular preparations are not 
available, the attachment of the pinnae to 
the rachis is generally regarded as a character 
of primary importance in distinguishing 
fronds of Pterophyllum from those of Nilsso- 
nia. The Parsora fronds do not yield any 
cuticle. The specimens available for study 
are also limited. It is, therefore, difficult 
to say whether on the other side of the fronds, 
which is not exposed to view, the pinnae are 
continuous over the rachis as is characteristic 
of Nilssonia. However, the pinnae in all 
the three specimens seem to be laterally 
attached as in Pterophyllum. In addition 
to this, the bifurcation of the veins close to 
their emergence and the presence of almost 
equal pinnae are strongly suggestive of 
Pterophyllum. I am, therefore, inclined to 
believe that these fronds belong to Ptero- 
phyllum. 

The Parsora fronds differ from all the 
known Indian species of Pterophyllum. A 


species, viz. Plerophyllum cf. Braunianum 
(Goepp.) Schenk recorded by Prynada 
(॥933 070, 23) from the Jurassic of Trans- 
caucasia shows some semblance in general 
form but differs in having somewhat inclined 
pinnae. The Parsora fronds show some 
agreement with P. Brawnsi Schenk recorded 
from the Mesozoic of Pamir by Prynada 
(934, 9. 37) in the shape of the pinna. 
However, Pryanada’s text figure shows 
only one pinna without any rachis which 
makes any detailed comparisons impossible. 
Antevs (99, p. 3l) has also recorded 
P. Braunsii Schenk which he compares with 
Nilssonia princeps (Old. & Morr.) Seward. 
Antevs’ specimens show some agreement 
with the Parsora forms in having broad 
pinnae attached almost at right angles to a 
stout rachis, but the characteristic bifurca- 
tion of veins close to the rachis as in the 
Parsora fronds is absent in P. Braunsit. 


Diagnosis 
Pterophyllum Sahni sp. nov. 


Fronds large, pinnate; rachis stout; pinnae 
broad, linear, closely set, more or less uniform 
in width, apparently lateral, attached by 
the whole of their base and nearly at right 
angles to the rachis, apex of the pinnae pro- 
bably truncate; veins clear, 0-5-0-3 apart, 
usually bifurcating close to their emergence 
with a curve and then running parallel to 
the edge of the pinna rarely showing bifurca- 
tion again. 

Holotype — No. 500. (Pr. l, Fic. Î). 

B.S.I.P. Collection. 


(7) Genus — Taeniopteris Brongniart 
Taeniopteris? spatulata McC. 


There are three fragmentary specimens of 
a narrow linear frond which are probably 
identical with or very closely allied to the 
species Taeniopteris spatulata McCl., abun- 
dantly known from the Jurassic rocks of the 
Rajmahal group of India. 

The specimen in Pl. 2, Fig. 6, and Text- 
fig. 3 probably represents the middle portion 
of the leaf and measures 9-5 cm. in length 
and {:2 cm. in breadth. It has a conspi- 
cuous broad midrib about 2 mm. in breadth, 
longitudinally striated and giving out secon- 
dary veins nearly at right angles. Veins 
are commonly forked at or near their emer- 
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gence with a frequency of about 5 per cm. 
Cross-connections between the veins are not 
seen. 

In another specimen (Pr. 2, Fic. 23), a 
part of the lamina is exposed on one side of a 
comparatively broader and stouter rachis 
which extends much beyond the exposed 
lamina. The veins (Pr. 2, Fic. 28)-are 
commonly forked, or simple; at one place 
two adjacent lateral veins close to their 
emergence, rejoin to form a single vein. 
This character is, however, not unknown in 
this species (Rao, 4943; Pan, Fie. 76). 
It is also found in T. crassinervis ( FEIST- 
MANTEL, L877b, p. 5 ६ Du Toit, 020 p. 35) 
and is regarded as a constant feature in 
T. Dunstani Walkom (97, p. 37) 

Comfarisons — The Parsora specimens, 
although rather unsatisfactorily preserved and 
incomplete appear to be identical with the 
Indian Jurassic species, Taentopteris spatulata 
McCl. recorded by Oldham and Morris ( 863 ) 
under Stangerites and by Feistmantel ( 877, 
877b, 879) under Angiopteridium. A 
specimen from the outliers of the Madras 
Coast ( FEISTMANTEL, 879; PL. 2, Fic. 3, 3a) 
shows very close agreement with the Parsora 
specimen reproduced in PI. 2, Fig. 6, parti- 
cularly in the character of the secondary 
veins. To a certain extent the Parsora 
specimens compare with T. ( Oleandridium ) 
tenuinervis Brauns described by Nathorst 
( 878-86, Pr. 0, Fic. 5 ) in having a broad 
midrib and lamina. 


(8) Genus — Araucarites Presl. 


Araucarites parsorensis sp. nov. 


From Parsora, for the first time, I have 
obtained as many as about 22 specimens of 
detached ovuliferous scales which can be 
referred to the genus Araucarites. 

The ovuliferous scales (Pr. 2, Fics. 8 
20, 22) are characterized by a broadly 
triangular form, measuring l:'l x l-2 cm. in 
average dimensions, one or two specimens 
being smaller. The ovule which is roundly 
triangular or pear-shaped occupies almost 
the whole length of the scale and is broader 
towards the distal end. The tip is not 
preserved. On the surface of the seed are 
seen longitudinal, slightly divergent veins 
showing forking. Frequently the ovule 
shows the, presence of a longitudinal groove- 
like depression. The scale appears to be 
fleshy, thick, broadest near the distal part 


and gradually tapering towards the proximal 
end. The proximal end of the ovule reaches 
almost right up to the base of the scale. The 
scale part extending beyond the distal end 
of the ovule is usually broken and in well- 
preserved specimens is slightly raised in the 
middle. It appears that the tip of the scale 
turns up slightly and is drawn out into a 
spine as in Araucarites cutchensis. The spine 
is not preserved, although one specimen 
(Pi. 2, Fie. 27) seems ‘to represent /the 
distal end of the scale. It is, however, 
difficult to determine precisely the nature 
of the spine until more complete specimens 
are available. 

Epidermal Characters — Under strong re- 
flected light, the Parsora specimens almost 
invariably exhibit a cellular pattern all over 
the surface of the seed as well as on the 
scale region beyond the ovule. The epi- 
dermal cells in the two regions, however, 
appear to be different. 

The epidermal cells of the ovule (Pr. 2, 
Fic. 7) are usually polygonal, 4-6 sided, 
straight-walled, elongated and arranged in 
parallel rows along the proximo-distal axis 
of the ovule. They show an approximate 
variation from 43 to 87 u in length and from 
29 to 58 u in breadth. In one specimen, 
however, the cells ( Pr. 2, 0॥००॥७७) are much 
longer showing a range from about l0 to 
74 u in length; the difference in the breadth 
is little. It was also observed that cells near 
the margin of the ovule are usually longer 
and narrower than those of the middle region. 

The epidermal cells of the scale region 
(Pi. 2, Fic. 9; TEXT-FIG. 4) beyond the 
ovule are also polygonal, 4-6 sided and 
straight-walled but they are less elongated, 
occasionally somewhat equidimensional and 
arranged in more or less parallel rows which 
are inclined to the proximo-distal axis of 
the scale. They show an approximate range 
from 43 to 72 u in length and from 29 to 
43 u in breadth. 

Comparisons — The Parsora specimens no 
doubt recall some of the forms of Araucarites 
cuichensis Fstm., especially those recorded 
from the Jabalpur group ( FEISTMANTEL, 
080 SAHNI, 000 0 50 Pr. 5, Kies 
67). But a closer survey of all the specimens 
figured by Feistmantel (876, 877a, and 
879 ) shows that unlike the Parsora forms, 
they are usually longer than broad, the 
same feature being found in the ovules which 
are narrower in comparison to their length. 
The ovule in case of A. parsorensis reaches 
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TEXT-FIG. 4 — Araucarites parsorensis sp. nov. 


Epidermal cells of the scale region. x 300. 


up to the proximal end of the scale, while 
in A. cutchensis the ovule appears to be 
smaller in length. 

The only other species which shows some 
resemblance with the Parsora scales is 
Araucarites phillipsi Carruthers ( 869, 9. ; 
Pr. 2, Fıcs. 8, 9), so far as the triangular 
form is concerned. The ovule in A. phillipst, 
however, seems to be quite longer than 
broad which distinguishes it from the 
Parsora scales. For these reasons, I have 
referred my specimens to a new species, 
Araucarites parsorensis. 


Diagnosis 
Araucarites parsorensis sp. nov. 


Scales broadly triangular, almost as long 
as broad, broader towards distal end and 
gradually tapering proximally; ovule broadly 
triangular, occupying the whole length of the 
scale, surface of ovule with longitudinal, 
forking veins; epidermal cells of the ovule 
polygonal, 4-6 sided, elongated, and arranged 
in proximo-distal rows; cells of the scale 
region similar but less elongated and arrang- 
ed in somewhat parallel rows which are 
inclined to the proximo-distal axis. 

Holotype — No. 87 (Pr. 2, Fic. {3). 

5-0). 2.0 Collection. 


DISCUSSION 


Ever since Hughes ( 488I ) collected fossils 
from Parsora, the controversy over the age 
and affinity of the plant-bed has remained 
unsolved. 

Feistmantel (882, p. 5) included the 
Parsora beds in the Middle Gondwana 
( Triassic) which was proposed on the 
evidence of certain strata with Upper Gond- 
wana aspect but with Lower Gondwana 
fossils. Evidently, Feistmantel did not lay 
stress on the admixture of plant elements in 
the beds. 

Cotter ( 97 ) introduced the term Parsora 
stage for rocks of Parsora and Daigaon 


localities. The stage was grouped in the 
Lower Gondwana and was regarded as 
Rhaetic. 


Sahni (922, pp. 602/॥03 00/20/2440: 
937, pp. 27-29 ) emphasized an admixture 
of Lower and Upper Gondwana forms in the 
Parsora flora. He believed that the whole 
assemblage had a strong Palaeozoic ( Lower 
Gondwana ) affinity. He classed the beds 
in the Lower Gondwana, assigning to them 
a Lower Triassic age. Fox (93], p. 82) 
pointed out that Sahni had included under 
the ‘ Parsora Stage ’ fossils from Daigaon and 
Karkati which represented a Raniganj age. 
Saksena (952, 9. 7) recorded more forms 
of Glossopteris flora from Karkati. How- 
ever, in regard to the Daigaon flora, no 
further contribution has been made after 
Feistmantel (882, pp. 6-7). 

Fox (93., pp. 83, 93, 90) was strongly 
opposed to any admixture of elements at 
Parsora. He doubted the occurrence of 
Glossopteris and Noeggerathiopsis, while 
stressed the presence of Neocalamites in the 
beds. According to him the Parsora fossils 
represented a distinct assemblage showing 
strong affinity with the Jurassic ( Upper 
Gondwana ) flora. The term Parsora stage 
was, therefore, restricted by him to beds 
around Parsora, and it was classed under 
Upper Gondwana to a Rhaetic age. 

Seward ( 932, p. 242), like Sahni, opined 
that the Parsora flora was not younger than 
Triassic. 

Recently Saksena 0 00207), 9) on the 
evidence of a mixture of Vertebraria and 
Thinnfeldia groups the Parsora beds in the 
Middle Gondwana, regarding them as Lower 
Triassic. 

It is obvious that the whole controversy 
involves two interdependent factors, viz. 


32 THE PALAEOBOTANIST 


() The geological age of the Parsora beds, 
and (2) the stratigraphical position of these 
beds in the Gondwana system of India. 
The cardinal basis for determining the age 
of the Parsora beds has been its floral assem- 
blage. The previous contributions ( FEIST- 
MANTEL 882; SAKSENA Î952) to the know- 
ledge of this flora show that the total number 
of forms was too little to afford any satis- 
factory clue. The fossils known then were: 


l. Thinnfeldia (Danaeopsis) Hughesi 
( Fstm.) 
2. Thinnfeldia odontopteroides ( Morr.) 


3. Cladophlebis denticulatata Bgt. 
[ SEwARD (932, p. 237) regards it to 
be a Thinnfeldia sp. | 

4. Noeggerathiopsis Hislopi Bunb. 

5. A doubtful specimen of Schizoneura 
leaf ( unfigured ) 

6. Vertebraria indica Royle. 
( No figures and description available ). 

7. ? Glossopterts. 

The following forms have now been added 

to the above list: 

l. Neocalamites Foxit sp. nov. 

2. Samaropsis Srivastavat sp. nov. 

3. Pterophyllum Sahni sp. nov. 


4. Taeniopteris ? spatulata McC. 

5. Araucarites parsorensis sp. nov. 

6. Glossopteris ? Browniana Bet. 

The entire fossil evidence now known 
shows that there are at least ten recog- 
nizable genera occurring at Parsora. Further 
attempts are very likely to yield more and 
better forms. The geological range of these 
genera has been indicated in Table | which 
also shows their occurrence in the Triassic 
or Rhaetic strata in other parts of the Gond- 
wanaland. 

The Parsora flora is still not sufficiently 
known to decide the controversy finally; 
however, the assemblage as a whole as is 
now known, leads to the following conten- 
tions: 

(l) The Parsora flora undoubtedly com- 
bined two sets of plant elements, one repre- 
senting a Palaeozoic (Lower Gondwana ) 
facies and the other a Mesozoic ( Upper 
Gondwana.) facies. The admixture is corro- 
borated by my own findings which have been 
obtained from a single bed at Parsora. 

(2) The Parsora flora definitely contains 
some of the well-known Mesozoic ( Up- 
per Gondwana) genera, viz. Thinnfeldia, 


TABLE 


i —GEOLOGICAL RANGE OF THE PARSORA GENERA AND THEIR OCCURRENCE IN OTHER 
PARTS OF GONDWANALAND (DOUBLE LINES INDICATE MARKED 


ABUNDANCE OF 


THE GENERA DURING CERTAIN PART OF THEIR GEOLOGICAL HISTORY ) 


nl) ’ERMO- TRIASSIC RHAETIC 
CARBONI- 


FEROUS 


PARSORA 
GENERA 


l. Neocalamiles 


in) 


. Cladophlebis 
(?Thinnfeldia ) 


3. Thinnfeldia 


4. Glossopteris 


5. Vertebraria 


6. Samaropsis 


+ 


. Noeggerathiopsis ्स्चच-्ा- न. 


8. Plerophyllum 


9. Taeniopleris ——|— 


0. Araucarites 


Jurassıc CRETA- AUSTRALIA | 5. AFRICA NEw 
CEOUS Triassic &| ( Trıassıc )| ZEALAND 
RHAETIC ) ( RHAFTIC) 
=—— + + Phyllotheca 
—— + + + 
्च््कच्ज्फः = oF Ar 
+ र्नः 
Gymno- 
spermous 
seeds (Car- 
polithes sp.) 
=? Pheni- 
copsis 
( Cotter, 


9L7, 9. 30) 
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(?) Cladophlebis, Neocalamites, Pterophyllum, 
Taentopteris and Araucarites (vide TABLE I ). 
These genera are found to occur in the 
same bed with some typical Palaeozoic 
(Lower Gondwana ) elements like Glossop- 
teris, Vertebraria, Noeggerathiopsis and Sama- 
ropsis. On the evidence available at present, 
however, the Mesozoic elements in the 
Parsora flora appear to be stronger than 
the Palaeozoic (Lower Gondwana) ele- 
ments. 

(3) The Parsora flora can be compared 
with the Triassic and Rhaetic floras of 
Australia, the Triassic flora of South Africa 
and the Rhaetic flora of the New Zealand 
(vide TABLE l). Such a comparison shows 
that most of the forms known from Parsora 


are represented in the Triassic or Rhaetic 
floras in other parts of the Gondwanaland. 
It also suggests that the Parsora flora may 
represent a younger horizon of the Triassic, 
probably Middle to upper Triassic. In this 
connection it may be pointed out that al- 
though Sahni emphasized the Palaeozoic 
affinity of the Parsora flora, he also suggested 
( 926, 9. 246 ) that on the basis of the avail- 
able forms, the Parsora beds can be equally 
classed as Upper Triassic. 
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4. Thinnfeldia odontopteroides ( Morr.) x 4 
5. Enlarged pinna of the above. x 3. 
6. Neocalamites Foxii sp. nov. x E. 
7. Neocalamites Foxit sp. nov. X 4 


PLATE 2 


8. Thinnfeldia ( Danaeopsis) Hughesi. Epidermal 
cells of the midrib of a pinnule. x 45. 

9. Araucarites parsorensis sp. nov. Epidermal 
cells of the scale region. » {5. 

l0. Thinnfeldia ( Danaeopsis) Hughesi. Epider- 
mal cells of the midrib of a pinnule. x 5. 

li. Samaropsis Srivastavai sp. nov. X 2. 

2. Thinnfeldia ( Danaeopsis ) Hughesi. A stoma- 
like structure in the epidermis of leaf showing 
probable guard-cells, enclosing a longitudinal pore. 
> 220. 

3. Araucarites parsorensis sp. nov. X 2. 

4. Thinnfeldia ( Danaeopsis ) Hughesi. A stoma- 


like structure in the epidermis of leaf. x 220. 

5. Thinnfeldia ( Danaeopsis) Hughesi. Epider- 
mal cells of the lamina. x 5. 

6. Taeniopteris spatulata McCl. x :5. 

(7. Araucarites parsorensis sp. nov. Epidermal 
cells of the ovule. x 5. 

8. Glossopteris? Browniana Bgt. showing anas- 
tomosing secondary veins. x 7-5. 

49. Samaropsis Srivastavai sp. nov. showing a 
clear wing border. x 2. 


20. Araucarites parsovensis sp. nov. X 2. 
2l. Glossopteris? Browniana Bgt. x Nat. size. 
22. Avaucarites parsorensis sp. nov. X 2. 
23. Taentopteris? spatulata McCl. x Nat. size. 


24. Thinnfeldia ( Danaeopsis) Hughesi. Epider- 
mal cells of the lamina observed below the general 
level of the cellular crust. x 45. 

25. Noeggerathiopsis Hislopi. x &. 

26. Thinnfeldia ( Danacopsis) Hughesi. Epider- 
mal cells of the rachis. x {5. 

27. Avaucarites parsorensis sp. nov. 
distal end with spine. x 2. 

28. Taeniopteris? spatulata McCl. Enlarged to 
show venation. A small part of the midrib is ex- 
posed on the right. x 3. 
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ABSTRACT 


The paper describes the anatomical details of 
two new species of Terminalioxylon, T. mortandrense 
and T. Sahnii, collected from the Tertiary beds of 
South Arcot. The structure of these fossil woods 
shows close resemblances with those of the living 
genus Terminalia. 


INTRODUCTION 


Arcot district, Madras, contain a large 

number of petrified woods. Sahni 
(93i) described a fossil coniferous wood, 
Mesembrioxylon Schmidianum, and a species 
of palm, Palmoxylon pondicherriense. Re- 
cently Ramanujam ( 4953, 954 ) carried out 
investigations on fossil woods of this area 
and has described two new species of Me- 
sembrioxylon, a new species of Palmoxylon, 
woods belonging to Guttiferae, Sonneratia- 
ceae, Leguminosae, Celastraceae, Euphor- 
biaceae, and also woods of Mangifera, Shorea 
and Albizzia. 

The material for this investigation was 
collected by a party from Birbal Sahni Insti- 
tute of Palaeobotany. The areas visited are 
in South Arcot and Trichinopoly districts of 
Madras State. Large number of petrified 
woods were collected near the villages Tiru- 
vakkarai and Mortandra (also called Mor- 
tandi). The fossil locality of Tiruvakkarai 
is at a distance of 4 miles from Pondicherry 
and that of Mortandra is about 7 miles. The 
fossiliferous area is a rugged terrain of small 
hillocks, ridges, caves and ravines. Fossil 
woods occur in Cuddalore series consisting 
of Cuddalore sandstones of argillaceous and 
ferruginous nature. Fossil woods are either 
embedded in the sandstones or found scat- 
tered on the surface. 

A great part of the Cuddalore series is 
considered to be Pliocene in age but some 
part of it is of older horizons ( WADIA, 2,550 )॥० 
It is said to range from Eocene to Pliocene. 
The present paper deals with two new species 
of Terminalioxylon. Ramanujam ( 956) 
has recently described two species of Ter- 


ler fossiliferous localities of South 


minalioxylon from the same area. Two 
species of Terminalioxylon ( Schonfeld ) have 
been recorded from Tertiary of Columbia. 
Boureau (950) also describes a species of 
Terminalioxylon from Indo-China. 

The material investigated consisting of 
about 20 pieces of petrified wood was col- 
lected at Mortandra. Petrifactions are grey 
to light grey in colour blotched with brown 
and black. Many sections for detailed study 
were made by grinding from all the three 
planes. 


DESCRIPTION 
l. Terminalioxylon mortandrense sp. nov. 


Diagnosis — Vessels closely placed and 
medium sized, 40-70 u, perforations simple 
with vestured pits. Rays homogeneous and 
0-20 cells in height, uniseriate and 0-I5 u. 
broad. Parenchyma paratracheal and vasi- 
centric. Fibres thin, elongated, and septate. 

Description — Growth rings are not visible 
to the naked eye or under the microscope. 

Vessels are medium sized, visible without 
the help of the microscope. They are usually 
open but at times filled with dark contents. 
Distribution of vessels is uneven. They are 
generally solitary but may also sometimes be 
in radial groups. Vessels are always en- 
circled by parenchyma. Usually 4-5 vessels 
per sq. mm. can be counted. These are thin- 
walled, round in shape and without any 
pattern ( PL. ॥ ए «८: TEXT-FIG.l). Larger 
vessels measure 440-70 u. Perforations are 
simple and horizontal. Pits are numerous, 
crowded, and vestured ( PL. I, Fic. 4; TEXT- 
FIG. 2). Rays are conspicuous on both 
sides of the vessels. 

Parenchyma lies in the vicinity of vessels. 
It is paratracheal, vasicentric and some- 
times extends laterally across the rays and 
forms eyelets ( PL. I, Fic. ; TEXT-FIG. Î). 
Parenchyma is 5-6 layered. There are no 
tangential bands but occasionally paren- 
chyma of contiguous vessels tends to join. 
Cells of the parenchyma are thin, round in 
cross-section and measure 3 u in diameter. 
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TEXT-FIG. | — Terminalioxylon morlandrense sp. 
nov. Transverse section showing the distribution 
of vasicentric parenchyma, vessels and rays. 
x Ca. .40. 


TExT-FiG. 2 — Terminalioxylon mortandrense sp. 
nov. Tangential "section showing vestured pits. 


< (Ga. 630: 


Fibres are thin, elongated and medium in 
length. They run in a zigzag manner be- 
tween the pores (Pr. l, Fic. 3). Each in- 
dividual cell is round or squarish in trans- 
verse section (Pr. ॥।। I). Pits are not 
preserved. Fibres are septate and non- 
libriform. 

Rays are prominent, uniseriate (Pr. l, 
Fic. 3), numerous, homogeneous (Pr. I, 
Fic. 2) and are separated by 3-5 fibres. 
Larger rays measure 0-I5 u in diameter. 
The height of the ray varies from l0 to 20 
cells. Cells are thin and oval. Dark crys- 
tals are sometimes observed in the ray cells 
(Pr. ॥ Fic. 3). The number of rays may 
be 9-]0 per sq. mm. 


2. Terminalioxylon Sahnii sp. nov. 


Diagnosis — Vessels not crowded, small or 
medium sized, ranging from ll0 to i40 u; 
perforations simple with vestured pits. Rays 
conspicuous on either side of the vessel, and 
20-40 cells in height. Parenchyma para- 
tracheal aliform, confluent and forming 
tangential bands here and there. Fibres 
thick, zigzag and non-septate. 

Description — Growth rings are not visible 
to the naked eye or even under the micro- 
scope. 


Vessels are small or medium in size. They 


are visible to the naked eye as small dots, 
and are usually 2-3 per sq. mm. 


Vessels are 


a TEXT-FIG. 3 — Terminalioxylon Sahnii sp. nov. 
Transverse section showing the distribution of 
vessels, banded parenchyma, and rays. x Ca. 40. 
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TEXT-FIG. 4 — Terminalioxylon Sahni sp. nov. 
Tangential section showing vestured pits. x Ca. 630. 


always encircled abundantly all-round by 
parenchyma. They are generally solitary. 
Larger vessels measure 20-40 u in diameter 
( Pr. i, Fic. 5; TEXT-FIG. 3). Shape of the 
individual vessel is oval to elliptical. Per- 
forations are simple. Pits are minute and 
vestured ( TEXT-FIG. 4). 

Parenchyma lies close to the vessel. It is 
paratracheal vasicentric and some times ex- 
tends to few seriate bands (Pr. ], Fic. 5; 
TExT-FIG. 3). Parenchyma of contiguous 
vessels may occasionally join to form un- 
even bands. They are 5-6 layered. Cells of 
the parenchyma are small, thin and [-5 Kin 
size. 

Fibres are small, round and chain-like in 
cross-section (हरा कक Fic. 5). They are 
elongated and non-septate. They form a 
fairly thick mass in between the pores and 
closely traversed by rays (Pr. |, Fic. 7). 
Fibres are twisted and run irregularly. 

Rays are clear, prominent and numerous, 
separated by 2-5 fibres. Larger rays 
measure 30 u in diameter. Rays are uni- 
seriate (Pr. l, Fic. 7), homogeneous (CPE 
l, Fic. 6), 20-40 cells in height. The 
number of rays may be 9-I0 per sq. mm. 
. Dark crystals are sometimes observed in the 
ray cells ( Pr. | Fic. 7). | 


DISCUSSION 


The moderate-sized vessels, paratracheal 
and vasicentric parenchyma, uniseriate rays, 
elongated fibres and other general characters 
lead one to compare these fossil woods with 
families Leguminosae, Anacardiaceae, Sapin- 
daceae and Combretaceae. These fossils 
show certain similarities with some members 
of Leguminosae in having medium-sized 
vessels with inner contents and paratra- 
cheal vasicentric parenchyma. Leguminous 
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woods, however, differ in many features such 
as in having larger vessels in addition to 
medium-sized ones and in having ring porous 
arrangement of the vessels. Pits too are 
usually simple whereas in my fossils pits are 
vestured. In Leguminosae parenchyma ex- 
hibits variation in shape and size, and is 
conspicuous. The paratracheal parenchyma 
ranges from aliform and confluent to zonate 
types forming bands in regular series but in 
the fossils described here, the paratracheal 
parenchyma is not of diversed type, and is 
usually vasicentric to aliform, occasionally 
forming thin bands. The rays in Legu- 
minosae are generally multiseriate whereas 
these fossils have exclusively uniseriate rays. 
My specimens show certain similarities of 
structure to Anacardiaceae also. However, 
the two differ in the nature of pores and rays. 
In Anacardiaceae generally vessels are fairly 
big and of ring porous type. They do not 
have any vestured pits. The presence of gum 
canal cells and multiseriate rays are also 
different as compared to my fossils. Some 
genera of Sapindaceae resemble the fossils in 
having uniseriate rays and medium to small- 
sized vessels but differ in the amount of 
parenchyma developed which is generally 
very scanty. Among Combretaceae the 
genus Terminalia shows close similarities to 
my fossil specimens. Characters which give 
indication to Terminalia woods are the type 
of vessels, parenchyma, rays and fibres. 
Vessels are generally of medium size and 
diffused with simple or vestured pits. Paren- 
chyma is usually paratracheal and aliform. 
Occasionally it forms bands. Fibres are 


elongated and often septate. Rays are 
generally uniseriate. 
Comparison — Terminalioxylon mortan- 


drense and T. Sahnii show close similarities to 
T. speciosum and T. Felixi. The latter are 
the two fossil Terminalia woods described 
from the same area ( RAMANUJAM, 956 ). 
Apart from these two species there are no 
published records in India. A comparison 
indicates certain differences with my fossil 
specimens (TABLE |). In T. speciosum vessels 
are big ranging from l80 to 270 u and are 
generally solitary. Parenchyma forms para- 
tracheal, aliform, confluent type in addition 
to diffuse parenchyma. Rays are uni- to bi- 
seriate and heterogeneous. Considering these 
features in T. mortandrense vessels are me- 
dium sized, solitary, radial and range from 
i20 to 80 u. Parenchyma is paratracheal, 
vasicentric, and sometimes aliform. Rays 
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SPECIES 
Terminalioxylon narango 


Schonfeld 


Terminalioxylon porosum 
Schonfeld 


Terminalioxylon anna- 
mense Boureau 
Terminalioxylon specie- 


sum Ramanujam 


Terminalioxylon Felixi 


Ramanujam 


Terminalioxylon mor- 
landrense sp. nov. 


Terminalioxylon Sahnii 


sp. nov. 
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VESSELS 


Diffuse, medium-sized, 
20-60 u, solitary, also 
in radial groups 


Uniform, large, 50-300 
4, solitary, sometimes 
in radial groups 


Diffuse, tendency to ob- 
lique nature, solitary, 
also radial, large, 50- 
300 u in diameter 


Diffuse, large, l80-270 y, 
solitary 


Medium sized, 30-50 u, 
solitary 


Diffuse, 20-80 u, medi- 
um sized, solitary and 
in radial groups of 2-3 


Diffuse, 20-30 u, soli- 
tary 


TABLE li 
PARENCHYMA Rays FIBRES AGE 
Abundant; paratracheal Mostly uniseriate, l5- Libriform Tertiary 
aliform confluent 20 u in diameter, 20- 
25 cells in height 

Abundant; paratracheal Mostly uniseriate, I5 u Libriform Tertiary 
aliform confluent, 2-3 in diameter, 20-40 

layered cells in height 

Paratracheal aliform and Uniseriate to biseriate Libriform and Tertiary 
also apotracheal, con- withhomogeneousand septate 

tains secretory cells heterogeneous cells 
Abundant; diffuse, para- Uniseriate and bi- Libriform and Tertiary 
tracheal aliform and seriate, 5-20 u in aseptate 

sometimes confluent diameter, 0-25 cells 

type in height and hetero- 

geneous 

Not abundant; paratra- Mostly uniserate, 20 Libriform and Ter iary 
cheal aliform sheaths cells in height and aseptate 

and also apotracheal homogeneous 
Not abundant; paratra- Mostly uniseriate, 0- Septate Tertiary 
cheal vasicentric and l5 uw in diameter, 0- 

rarely aliform not form- 20 cells in height 

ing sheaths and homogeneous 
Abundant; paratracheal, Mostly uniseriate, 20- Aseptate Tertiary 


often as tangential 
bands of 4-5 layers 


cells in height, 30 uw in 
diameter and homo- 


geneous 


nn $$$  — — | —  — mm 


are exclusively uniseriate and homogeneous. 
T. Felixi although possesses medium sized, 
solitary type of vessels comparable to T. 
Sahni, its parenchyma is both apotracheal 
as well as paratracheal of confluent type and 
scanty. In 7. Sahnti parenchyma is abun- 
dant and of paratracheal type only form- 
ing tangential bands. Apotracheal paren- 
chyma is absent. Rays are uniseriate in 
both cases but in T. Sahniti rays are 20-40 
cells in height. Terminalioxylon narango and 
T. porosum are two species of fossil Ter- 
minalia described ( SCHONFELD, 947 ) from 
the Tertiary of Columbia. A comparison of 
my specimens with South American species 
of Terminalioxylon reveals distinct differences. 
Vessels in the latter are large, 200-300 u in 
diameter, but in my specimens vessels range 
from !0 to 70 u only. Parenchyma is 
distinctly paratracheal and aliform in Colum- 
bian species. T°. mortandrense possesses only 
paratracheal vasicentric parenchyma in the 
vicinity of vessels. In T. Sahnii, paren- 
chyma is paratracheal and aliform, forming 
thin bands by its lateral extension. Rays 
and fibres of T°. mortandrense are similar to T. 
narango and that of T. Sahnii are comparable 
to T. porosum. Boureau (.i950) described 
Terminalioxylon annamense, a fossil wood 
resembling the living wood of Terminalia, 
from the Tertiary of Indo-China. This speci- 
men shows many features in common to 


South Indian fossils. However, my fossils 
differ in having medium-sized vessels with- 
out areoles, vasicentric aliform type of 
parenchyma without secretory canals and 
uniseriate rays of homogeneous cells. From 
the above comparisons although fossils under 
consideration resemble other species of Ter- 
minalioxylon in gross features still there are 
certain distinct differences which necessitate 
their separation from others as distinct 
species. 

Detailed anatomical studies on woods of 
Terminalia from India, such as T. tomentosa, 
T. belerica, T. chebula and T. myriocarpa, 
were carried out by me in order to find 
out the nearest living representative of 
these new fossil species. Detailed anatomi- 
cal descriptions of T. procera, T. Manii, 
T. panculata, T. Oliveri and T. Arjuna 
(Pearson & Brown, 932; CHOWDHURY, 
932, 935, 942, 945; GAMBLE, 900) 
were also available for comparison. Ter- 


minalioxylon mortandrense shows close 
similarities to Terminalia Arjuna, T. tomen- 
tosa and T. paniculata. They have 


medium-sized vessels, with vestured pits, 
rays are homogeneous, uniseriate and 0-]5 (५ 
in width. Fibres are elongated frequently 
septate. Parenchyma is paratracheal in its 
variations. The fossil species, however, 
differs in having smaller vessels, and the 
parenchyma mostly paratracheal and vasi- 
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centric. Terminalioxylon Sahnii also re- 
sembles all the three above-mentioned living 
species closely but it differs from them in 
having small vessels, thick, unseptate fibres, 
and elongated 30 y. wide rays each containing 
20-40 cells. Both Terminalioxylon mortan- 
drense and T. Sahnii, though comparable in 
broad features to Terminalia balerica, T. 
tomentosa, T. procera, and T. myriocarpa, how- 
ever, differ in certain features, for these 
species generally have large vessels, rays, and 
fibres as well as paratracheal vasicentric 
and mostly banded type parenchyma. T. Oli- 


vert and T. Manii can also be easily differen- 
tiated from the fossils by their small or ex- 
tremely small vessels, sparse parenchyma and 
uni- or biseriate rays. 
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EXPLANATION OF PLATE ! 


Terminalioxylon morlandrense sp. nov. 


J. Transverse section showing the distribution 
of vessels, vasicentric parenchyma and rays. x 40. 

2. Radial section showing the homogeneous 
nature of rays having squarish cells. x 40. 

3. Tangential section showing uniseriate rays. 
x 200. 

4. Tangential 
x 600. 


section showing vestured pits. 


Terminalioxylon Sahnii sp. nov. 


distribu- 
and rays. 


5. Transverse 
tion of vessels, 
x 40. 

6. Radial section showing the homogeneous 
nature of rays having squarish cells. x 40. 

7. Tangential section showing uniseriate rays. 


x 200. 


section showing the 
banded parenchyma, 
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SOME FOSSIL LEAVES BELONGING TO THE ANACARDIACEAE 
ROM PEFISIOCENE OF INDIA 


Cis Sy PURT 
Botanical Survey of India, Poona 


ABSTRACT 


The paper describes four species of the Anacardi- 
aceae from the Karewa beds at Gogajipathri and 
Laredura. They are Rhus punjabensis, R. cotinus, 
R. succedanea and Odina wodier. Their distribu- 
tion in the Himalayas is given in some detail. 
The conclusions derived from the comparison of 
the past and present distribution of these species 
agree in a general way with that already expressed 
by the author ( Purı, 943, 4945a, 4945b, 946 ) 
on changes in the physical and vegetational condi- 
tions of the Kashmir valley since the Pleistocene. 


INTRODUCTION 


T HE specimens described here were col- 
I lected by H. de Terra, R. R. Stewart 
and the author from the Karewas of 
Kashmir at Laredura and Gogajipathri. 
A detailed geological and geographical ac- 
count of the fossiliferous deposits has already 
been given by Puri ( 948a, l948b ) and the 
description of the fossils belonging to the 
Anacardiaceae is considered here. 


DESCRIPTION 


Rhus punjabensis J. L. Stewart 


The leaflet figured in Fig. I is linear oblong 
in outline, with an oblique base and acute 
apex. It gradually tapers towards both 
ends from the middle and measures 3-94 cm. 
long by -65 cm. in the broadest part. , The 
margins are entire. 

The venation is strict-pinnate and reti- 
culate with a strong midrib that gives off 
8-9 pairs of secondaries at acute angles in an 
alternate and sub-opposite manner. They 
run parallel, gradually thinning out towards 
the margins, where they finally end. The 
tertiary ribs arising from the two opposite 
laterals meet midway to form cross-ties or 
large rectangular meshes, both of which are 
clearly seen in a part of the leaflet magnified 
to five diameters in Fig. 2. There is a well- 
preserved finer reticulation, which consists 
of a network of small polygonal meshes. 


4l 


Occurrence — Laredura at 6,000 ft. 
Number of specimens — One only 
Type specimen — L. 290. 

Collection — KR. R. Stewart, 935 


The specimen is preserved in the Botany 
Museum, Gordon College, Rawalpindi. 

The fossil nicely matches the leaflets of the 
living Rhus punjabensis J. L. Stewart and in 
absence of any difference between the two 
it is identified with this species. 

Distribution — Rhus punjabensis grows in 
the North-western Himalayas between Kash- 
mir and Kumaon usually at altitudes of 
3,000 -8,500 ft.; however, it may be found at 
elevations as low as 2,500 ft. It is found in 
Kagan, Hazara at 6,000 ft.; Dungagali, Murree 
Hills region; Kamraj, Jhelum Valley, 
Kashmir at 6,500 ft.; Keran; Kishtwar; 
Marwa Dacchan; Muzaffarabad and Ramban. 
Eastwards, it grows at Chamba at 5,000 ft. ; 
Kotgarh at 7,000 ft.; Matigana at 8,000 ft. ; 
in Simla, Kathian, Jaunsar at 8,000 ft. and 
in Bashahrat 5,000 ft. It is not recorded 
from the Mussoorie Hills but is found fur- 
ther eastwards from Dasoli, Malla Garhwal 
at 7,300 ft.; and Deota, Tehri Garhwal at 
8,000 ft. 

This species is common in the inner ranges 
of the North-western Himalayas and does 
not grow in the outer Himalayan ranges, 
such as Murree, Dhaula Dhar and Mussoorie. 
In inner ranges it grows in moist valleys 
and ravines, or in moist, humid places 
in mixed forests. I have seen it growing 
gregariously in dense forests of Kashmir 
Valley, a little below Gulmarg, in associa- 
tion with Acer caesium Wall., Acer pictum 
Thunb., Aesculus indica Colebr., Populus 
ciliata Wall, Rhamnus purpureus Edgw. 
and such conifers as Abies, Picea, Taxus 
and Pinus excelsa Wall. At Dungagali the 
associates of this species are usually Taxus 
baccata Linn., Aesculus indica Colebr. and 
Pinus excelsa Wall. 

Its gregarious occurrence in the Kashmir 
Valley may partly be due to the presence of 
a poisonous alkaloid in leaves which raises 
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blisters on the skin when touched, thus 
scaring away animals and man, who are the 
chief enemies of vegetation. A Kashmiri 
labourer once told me that the skin gets 
blistered even by passing under the trees. 


Rhus cotinus Linn. 


This species is based on a fossil fragment, 
representing the basal half of the leaf, and 
measures 4:95 cm. long by 4:70 cm. in the 
broadest part. The leaf lamina, which pro- 
bably had an oblong shape, gradually narrows 
down to a rounded base. The margins are 
entire. 

The venation is strict-pinnate and reti- 
culate, with a strong midrib that gives off 8 
pairs of secondaries at straight angles. The 
upper two pairs are alternate but the others 
tend to become opposite and run straight to 
the margins in which they abruptly end. 
The tertiaries are not well preserved. The 
finer reticulation is inconspicuous and can 
be seen only in a part of the leaf enlarged to 
five diameters in Fig. 4. 


Occurrence — Gogajipathri at 8,800 ft. 
Number of specimens — Two (counterparts) 
Type specimen — Loc. 2 G. 80. 
Collection — H. de Terra, 932 


The specimens are preserved in the Botany 
Museum, University of Lucknow. 

The fossil fragment resembles living leaves 
of Rhus cotinus Linn. in shape, size, margins 
and all details of venation, and there being 
no difference between the two it is identified 
with this species. 

Distribution — Rhus cotinus grows in the 
Western Himalayas between the Sulaiman 
Range and Kumaon and ascends from the 
plains to the altitude of 6,000 ft. In the 
North-western Himalayas it occurs very 
commonly from the Trans-Indus to Sarda 
river at altitudes of 3,000-6,000 ft. It 
grows at Shalizan, Kurram Valley, Afgha- 
nistan at 7,000-8,000 ft.; Kagan Valley, 
Hazara at 4,800 ft. and in Abbotabad at 
4,000 ft. In the Murree Hills it is found at 
Dungagali. In Kashmir it is recorded from 
Muzaffarabad forests at 4,000-5,000 ft.; 
Jammu, Keran, Kishtwar, Marwa Dacchan, 
Mirpur, Ramban, Riasi, and Udhampur. 
Eastwards, it is found above Jari, Par- 
batti Valley, Kulu at 6,500 ft.; Chamba 
at 4,000 ft., and Jaunsar at 5,000 ft. It is 
recorded from Fagu-Sainji Road, Simla State 


Hills, at 7,500 ft. and valleys below Simla 
and is common in the Glen and Bhajji at 
6,000 ft. 

In the Mussoorie Hills 
5,000-6,000 ft. usually in sunny places. 
Further eastwards, it is recorded from 
Talla Kaliphat, Garhwal, between 4,000 
and 6,000 ft. and in the Naini Tal Division 
at 5,500 ft. ei 

This species is a small shrub occurring ın 
low spreading patches. I have seen it grow- 
ing on the Jhelum Valley Road near Domel 
( Kashmir ) overhanging from hillsides. It 
forms an undergrowth in chir and pine forests 
mostly in outer slopes of the Himalayas and 
has not been recorded from the Kashmir 
Valley. 


it occurs at 


Rhus succedanea Linn. 


This species is based on one poorly pre- 
served leaflet, measuring 5:33 cm. long by 
2-54 cm. in the broadest part. The lamina 
is asymmetrically ovate in outline with an 
oblique broad base and acute apex. It is 
broadest in the region a little above the base 
and gradually narrows upwards into the 
pointed apex. The margins are entire. 

The venation is strict-pinnate and reti- 
culate, with a fairly strong midrib that gives 
off 6-7 pairs of secondary veins at almost 
straight angles. Excepting the lower two 
pairs, which are almost opposite, all se- 
condaries arise in an alternate manner. The 
tertiaries and finer reticulation are in- 
conspicuous being poorly developed even in 
living leaflets of this species. 


Occurrence — Laredura at 6,000 ft. 
Number of specimens — One only 
Type specimen — L. 20 

Collection — R.R.Stewart, 935 


The specimen is preserved in the Botany 
Museum, Gordon College, Rawalpindi. 

The fossil resembles leaflets of Rhus 
succedanea Linn. in shape, size, margins 
and all details of venation but it being not 
identical is provisionally identified with 
species. 

Distribution — Rhus  succedanea Linn. 
grows in the temperate Himalayas at alti- 
tudes of 2,000-8,000 ft. from the Jhelum ex- 
tending as far east as Assam. It may be 
found up to the Indus in the west. It grows 
at Kagan, Hazara at 6,000 ft.; and at 
Dungagali in the Murree Hills. In Kashmir 
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re ०3२ +>० 3... 


LOCALITY 


Rhus punjabensis 
Rhus continus 
Rhus succedanea 
Odina wodier 


Laredura 
Gogajipathri 
Laredura 
Laredura 


ALTITUDE OF 
THE LOCALITY 


COLLECTOR 


te 
6,000 R. R. Stewart, 935 
8,800 H. de Terra, i932 
6,000 Rey Re stewart 982 
6,500 G. S. Puri, 4940 


it occurs at Kamraj, Jhelum Valley, Liddar 
Valley at 6,000-7,000 ft.; Gulmarg at 8,000 
ft.; Kashmir Valley, Keran, Kishtwar, Marwa 
Dacchan, Muzaffarabad, Ramban, Sind and 
Udhampur. Eastwards, it grows in the Par- 
batti Valley, Kulu at 7,500 ft.; Narkanda, 
Simla at 7,000 ft. It is not recorded from 
Mussoorie or its vicinity. This small tree of 
the temperate Himalayas grows like Rhus 
punjabensis in inner ranges in moist ravines. 


Odina wodier Roxb. 


This species is based on a complete leaflet 
and its counterpart, one of which is shown in 
natural size in Fig. 7. The leaflet lamina, 
which is oblong in outline and uniformly 
broad in its greater part, abruptly tapers up- 
wards into an acuminate apex into a rounded 
base. It measures 6:60 cm. long by 3-8] cm. 
in the broadest part. The margins are entire. 

The venation is pinnate-looped and reti- 
culate, with a strong midrib that gives off 
5-6 pairs of secondaries at acute angles. The 
secondaries, on reaching the margins curve 
upwards and inwards to form a series of 
simple loops. Tertiary veins arising from 
the laterals form more or less cross-ties or 
large rectangular meshes. Finer reticula- 
tion is not well preserved. 


Occurrence — Laredura at 6,500 ft. 
Number of specimens — Two (counterparts) 
Collection — (5. S. Puri, 940 


The specimens are preserved in Birbal 
Sahni Institute of Palaeobotany, Lucknow. 

The fossils are identical with leaflets of 
the living Odina wodier Roxb. resembling in 
all details of venation ( see Fic. 8). 

Distribution — Odina wodier Roxb. grows 
in dry forests in lower Himalayas east of the 
Indus ascending to the altitude of 4,000 ft. 
It grows in the Salt Range, Siwalik Hills, 
sometimes even in plains and other sub- 
Himalayan regions lying east of the Indus. 
In the Simla Hills, it ascends to 5,000 ft. 
It is not so far recorded from Hazara and 
Murree Hills, but grows in Billawa, Jammu 
( Kashmir), at 2,500 ft. and has been re- 
corded from Mirpur and Udhampur. East- 
wards, it is found in the Sutlej Valley at 2,500 
ft., and Chaura bridge, Bashahr at 4,500 ft. 
It grows in the Mussoorie Hills ascending 
from Dehra Dun to the altitude of 5,000 ft. 
and extends to Naini Tal at 3,000 ft., Tehri 
Garhwal at 4,000-5,000 ft., Bamunpokri, 
Darjeeling Tarai, Kumaon, and Lans- 
downe Division at ,400 ft. This species 
grows in deciduous forests of the outer ranges 
mostly in drier localities. 
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EXPLANATION OF THE PLATE 


( All figures, except otherwise stated, are of natural size ) 


l. Rhus 
impression. 

2. Rhus punjabensis J. L. Stewart, a part of the 
leaflet enlarged. x ca. 5. 

3. Rhus cotinus Linn., leaf fragment. 

4. Rhus cotinus Linn., a part of the leaf en- 
larged. X ca. 5. 


punjabensis J. L. Stewart, Leaflet 


5. Rhus succedanea Linn., leaflet impression. 

6. Rhus succedanea Linn., a sketch of the 
fossil. 

7. Odina wodier Roxb., leaflet impression. 

8. Odina wodier Roxb., a leaflet of the living 
species partially rotted, for comparison with the 
fossil. 
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ABSTRACT 


The paper describes three new species of fossil 
woods of Dipterocarpaceae, from the Tertiary rocks 
of Mortandra, in South Arcot district. They 
resemble very strongly the extant species of Shorea 
and Dipterocarpus. The fossils are named as 
Shoreoxylon Holdeni, Shoreoxylon mortandranse and 
Dipterocarpoxylon indicum. 


INTRODUCTION 


new species of fossil woods belonging 

to Dipterocarpaceae, collected by the 
author from near Mortandra ( Murttanqi ), 
a village 5 miles W.N.W. of Pondicherry. 
From the same locality the author has 
previously reported ( RAMANUJAM, 953, 
4954a) woods belonging to various families 
like Guttiferae, Celastraceae, Anacardiaceae, 
Leguminosae, Sonneratiaceae and Euphor- 
biaceae, and has very recently ( RAMANUJAM, 
954b ) described in detail the anatomy of 
two Leguminous woods. All the specimens 
collected are found partially buried in the 
Cuddalore sandstones which is believed to 
range from Eocene to Pliocene (SAHNI, 
93l). Krishnan ( 949 ) regards the Cudda- 
lore series to be Miocene and according to 
Wadia (953) a greater part of this series 
is Pliocene. The fossils range in colour from 
light grey to reddish brown. Their preser- 
vation is very satisfactory and consists of 
only the secondary wood. 


Re present paper deals with three 


GENERAL DESCRIPTION 


In the nomenclature of the fossil Diptero- 
carpaceous woods no regular practice seems 
to have been followed. Kräusel (922, 
925, 926 ), Edwards ( 93l) and Bancroft 
( 933 ) have used the name Dipterocarpoxy- 
lon in a broad sense to represent all the fossil 
woods showing resemblances with the Dip- 
terocarpaceae. Chowdhury ( 938 ) has also 
followed the same system, but he has taken 
care to indicate the specific affinities of his 
fossil in the description. Den Berger ( 923, 
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927 ) followed by Pfeiffer and Van Heurn 
(928 ), however, restricted the term Dip- 
lerocarpoxylon only to the woods agreeing 
with the tribe Dipterocarpeae which includes 
two living genera Dipterocarpus and Ani- 
soptera. They refer the other specimens to 
new genera like Shoreoxylon and Drybalan- 
oxylon. The present author feels that Den 
Berger’s mode of nomenclature is not only 
more natural but also convenient to follow. 
In fact in cases where the resemblances are 
unmistakable with the present-day genera 
like Shorea and Drybalanops, the retention 
of these fossils in the genus Dipterocarpo- 
xylon would be unfortunate. 


Genus — Shoreoxylon Den Berger 


Shoreoxylon Holdeni sp. nov. 
Pl. {, Figs. -7; Text-figs. {-7 


The material consists of a dozen pieces 
of petrified wood, the biggest of which mea- 
sures I6X8 cm. 

The wood does not possess growth-rings. 
Concentric bands of vertical resin canals 
simulating growth marks are seen with the 
naked eye (Pr. | कक), but under the 
microscope their true nature becomes clear. 

The vessels are diffuse and clearly visible 
to the naked eye. In cross-section they are 
circular, either solitary or in radial groups 
of 2-3, somewhat flattened at the points of 
contact. They are medium to large and 
very frequently occluded with tyloses which 
often contain some black deposit (Pr. l, 
Fıc. 2). The form of the individual tyloses 
varies greatly. Generally the tyloses take 
the form of thin-walled, more or less globose 
sacs, which at low magnifications appear 
somewhat iridescent. Intervessel pitting is 
abundant; the pits being small, alternate, 
rounded or slightly flattened with lenticular 
apertures (Pr. i, Fic. 3). The vessel- 
segments are medium to long and truncate. 
The perforations are simple and horizontal 
or slightly inclined. The vessel-tracheid 
pitting is the same as the intervessel pitting, 
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but the pits are slightly larger. The vessel- 
ray pits are bordered, small, rounded and 
several per cell ( TEXT-FIG. 2). The vessel- 
parenchyma pitting is not observed. 

Tracheides are of very common occurrence 
in the fossil wood. They always occur in 
association with the parenchyma in the imine- 
diate vicinity of the vessels ( Pr. |, Fic. 4). 
The tracheids are very thick walled and 
appear rounded or slightly angular in cross- 
section. The pits on the tracheids are dis- 
tinctly preserved; they are bordered and 
oval to circular with rounded to often ellip- 
tical apertures ( TEXT-FIG. 3). 

The fibres are typically libriform and 
usually of considerable thickness. They are 
squarish to rounded in cross-section and 
aligned in regular radial rows. They are all 
aseptate and usually of medium length and 
having numerous small simple or narrowly 
bordered circular pits ( TEXT-FIG. 4). The 
pits are clearly seen both in tangential and 
radial sections. 

The xylem parenchyma is limited in 
quantity, but is distinctly seen with a hand 
lens as light coloured patches. Both para- 
tracheal and apotracheal types of paren- 
chyma are represented ( Pr. l, Fic. 5; TEXT- 
FIG. I). The former is vasicentric, some- 
times with a slight tendency towards the 
aliform type. Of the apotracheal type 
there are three kinds: the first is in short 
tangential strips, 2-3 cells thick and distri- 
buted irregularly; the second type is the 
long tangential bands associated with the 
resin canals; the third type is represented 
by diffuse cells or cell groups bordering the 
rays or embedded in the fibres themselves. 
The cells of the parenchyma are usually 
circular, sometimes flattened, with many 
simple rounded pits. More often than not 
the parenchymatous cells are plugged with 
some black substance. 

The outline of the rays may be seen with 
the naked eye on the polished transverse and 
tangential surfaces of the wood as more or 
less fine lines. They are fairly numerous 
and evenly distributed. The rays are -4 
seriate and 7-40 cells (usually 5-28 cells ) 
high (Pr. , Fic. 6). Although uniseriate 
and biseriate rays are frequent, the majority 
of the rays are 3-4 seriate; these are often 
spindle-shaped when seen in tangential 
section and gradually taper towards the ends. 
Sometimes the rays taper rather abruptly. 
The rays are always markedly heterogeneous 
with 2-5 marginal rows of upright cells 


( TexXI-FiGs: 5 0, 7) which show best in 
radial sections (Pr. | Fic. 7). In some 
cases the upright cells are intercalated be- 
tween the procumbent cells. At many places 
the rays fuse end to end resulting in the 
formation of rays of great heights. The ray 
cells are usually heavily impregnated with a 
dark coloured deposit. Pitting on the 
tangential walls of the ray cells is seen occa- 
sionally; the pits being invariably simple, 
rounded and many per cell. 

Even a cursory glance at the polished 
cross-surface of the fossil wood will not fail 
to reveal the vertical resin canals aligned 
regularly in long concentric rows (Pr. ], 
Fic. ). These canals are invariably em- 
bedded in the xylem parenchyma. Scattered 
resin canals also occur here and there, but 
they are by no means of common occurrence. 
As seen in cross-section the resin canals are 
circular and always smaller than the vessels 
varying little in shape and size. They are 
either empty or filled with a dark coloured 
deposit. The wood does not possess any 
horizontal resin canals or idioblasts. 

Comparison with the Living Species — The 
presence of normal resin canals in the fossil 
wood indicates affinity with the Diptero- 
carpaceae and with some genera of the 
Caesalpineae. But for two African genera, 
Monotes and Marquesia the family Diptero- 
carpaceae is characterized by the possession 
of vertical resin canals. Other characters 
of this family which are also met with in the 
fossil wood are: vessels usually medium 
sized, solitary or in radial groups of 2-3; 
perforations simple, intervessel pitting alter- 
nate; parenchyma limited, both paratra- 
cheal and apotracheal; rays mostly 2-6 cells 
broad, heterogeneous; vasicentric tracheids 
common ( REYS, 923; PEARSON & BROWN, 
932; DescH, 936; METCALFE & CHALK, 
L950)): 

Dipterocarpaceae is generally divided into 
two main groups based on the mode of the 
distribution of the resin canals. In the first 
group, which includes genera like Doona, 
Hopea, Shorea, Parashorea and Pentacme, the 
resin canals are always aligned in long con- 
centric rows; while in the other group, con- 
sisting of Anisoptera, Dipterocarpus, Vateria, 
etc., the distribution of the canals is pri- 
marily diffuse. It is then obvious that the 
South Indian fossil finds a place in the first 
group. From a detailed comparison with 
the members of this group it is seen that the 
fossil has greatest similarity with the genus 
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TEXT-FIGS. -7 — Shoreoxylon Holdeni sp. nov. Î, semi-diagrammatic cross-section to show the 
x 300. 3, pits to 


distribution of xylem parenchyma and resin canals. x 70. 


a tracheid. x 300. 4, pits to the fibres. x 300. 
x 300. 6, biseriate ray with marginal vertical cells. x 300. 


Shorea. In size and form, and distribution 
of the vessels, in the nature of the rays and 
the fibres, in the size and arrangement of the 
resin canals, and lastly in the nature and dis- 
tribution of the parenchyma the fossil wood 


2, vessel-ray pitting. 
5, uniseriate ray with marginal vertical cells. 
7, end to end ray fusion. x 300. 


from South India shows its closest affinity 
with this genus. 

In the Caesalpineae genera like Copaifera, 
Detarium and Eperua also possess resin canals 
in concentric rows as in our fossil, but all 
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these genera differ very greatly from the 
present fossil in most of the other important 
features. 

Comparison with the Fossil Species — In 
496 Holden described a fossil wood from 
the Irrawady series ( Tertiary) of Burma 
under the name Dipterocarpoxylon. This 
was later renamed by Gupta (935a) as 
Irrawadioxylon burmense. Bancroft (933 ) 
and Chowdhury (938) were of the opinion 
that Holden’s species might not represent 
any Dipterocarpaceous wood. Dipterocarpo- 
xylon burmense (HOLDEN, 96) differs 
fundamentally from our fossil, in the absence 
of resin canals. 

Another Dipterocarpaceous wood, Diptero- 
carpoxylon Holdeni has been described by 
Gupta (935b ) from the Tertiary of Burma. 
Gupta’s species also differs fundamentally 
from the South Indian wood in the absence 
of vertical resin canals. 

Dipterocarpoxylon garoense ( CHOWDHURY, 
938 ) described from the Tertiary strata in 
the Garo Hills of Assam resembles the modern 
species of Anisoptera. There are several 
differences between this fossil and the one 
from South India, the most important of 
which is the distribution of the resin canals; 
in D. garoense the resin canals are solitary 
and scattered, while in our specimen they are 
arranged in regular concentric bands. 

Out of the many interesting species des- 
cribed from outside India Shoreoxylon palem- 
bangense, described from the Tertiary of 
Sumatra (DEN BERGER, 923 ) shows great 
similarity with the fossil wood under study. 
Superficially both look alike, but there are 
some differences in details. In Shoreoxylon 
palembangense the vessels are much big- 
ger, the rays are broader, and the vasi- 
centric tracheids are very few; moreover 
in this case the paratracheal parenchyma 
is absent. 

In the case of the fossil wood from South 
India the resemblances with Shorea are 
sufficiently strong to enable its inclusion in 
Den Berger’s Shoreoxylon. It is specifically 
named as Shoreoxylon Holdeni sp. nov., after 
Holden. 

Diagnosis — Growth-rings absent. 

Vessels evenly distributed, 8-0 per sq. 
mm., medium to large, 60-250 u in diam., 
generally solitary or in radial groups of 2-3, 
circular to oval in cross-section, abundantly 
tylosed: vessel-segments medium to long, 
measuring 400-850 u. in length and truncate; 
perforations simple, horizontal or slightly 


inclined; intervessel pits small, alternate, 
rounded or slightly flattened, apertures 
lenticular; vessel-tracheid pitting same as 
intervessel pitting, but the pits slightly 
larger; vessel-ray pits small, several per cell, 
bordered and rounded. 

Tracheids very common, vasicentric, 280- 
450 u in length, 35 x in diam., very thick- 
walled; pits bordered, oval to round, pore 
rounded to often elliptical. 

Fibres libriform, medium, ,350-,500 u in 
length, 45 » in diam., aseptate, squarish to 
rounded in cross-section, arranged regularly 
in radial rows; pits numerous, simple or 
narrowly bordered, circular. 

Parenchyma limited, distinctly seen with 
a hand lens, paratracheal and apotracheal; 
paratracheal in -2 layered vasicentric 
sheaths, often extending laterally; apotra- 
cheal type seen (a) as many short irregularly 
distributed tangential strips, (b) long tan- 
gential bands containing the vertical resin 
canals, and (c) scattered cells or groups of 
-3 cells bordering the rays or embedded in 
the fibres; cells circular or flattened; pits 
many, simple, rounded. 

Rays numerous, 8-l3 per mm., evenly 
distributed, markedly heterogeneous with 
2-5 marginal rows of upright cells, -4 seriate, 
7-40 cells high; most of the rays 3-4 seriate; 
end to end ray fusions common; ray cells 
profusely filled with a dark coloured deposit; 
pits to the end walls of these cells often seen, 
being small, simple and rounded. 

Resin canals vertical, aligned in concentric 
rows simulating growth marks; rarely scatter- 
ed, 80-0 (५ in diam.; mostly filled with a 
dark coloured deposit, or sometimes empty; 
canals always embedded in bands of apotra- 
cheal parenchyma. 

Collection — Holotype No. 4968 of the 
Birbal Sahni Institute of Palaeobotany 
Museum. 


Shoreoxylon mortandranse sp. nov. 
Pl. i, Fig. 8; Pl. 2, Figs. 9-॥6 Text-Figs. 0 ॥ 0 


The fossil is represented by a single block 
measuring l0x]5 cm. It is greyish in 
colour with light yellow patches here and 
there. The wood is similar in general 
characters to the one previously described 
but differs in certain important features of 
specific value. 

The fossil does not possess growth-rings, 
but the resin ducts are arranged in concen- 
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tric lines simulating growth marks (PL. l, 
FIG. 8). 

The vessels are diffuse and appear to the 
naked eye as well-defined dots against the 
greyish background of the fossil. They are 
either solitary, which represents the general 
case or in radial groups of 2-3, flattened at 
the places of contact, sometimes extremely 
so. They are medium to large. Generally 
only a few vessels are tylosed. Most of the 
vessels, however, are filled with a crystalline 
matrix, and it is possible that the tyloses 
here are not usually seen because of this. 
The vessel-segments are medium and trun- 
cate. Intervessel pitting is abundant; the 
pits are small to sometimes medium, alter- 
nate, typically bordered and rounded to 
slightly flattened with lenticular apertures. 
The perforations are horizontal. The vessel- 
tracheid pitting is not observed. The vessel- 
ray pits are bordered or sometimes simple, 
small, rounded, and several per cell. The 
vessel-parenchyma pitting is not preserved. 

The tracheids in contrast with Shoreoxylon 
Holdeni are very rare and seen perfectly only 
at a few places. They are, however, typically 
vasicentric. They are very thick-walled 
and appear rounded to polygonal in cross- 
section. 

The fibres are libriform to semi-libriform. 
They are squarish to polygonal in cross- 
section and are very thick-walled. They 
are all aseptate and usually of considerable 
length. The pits to the fibres are numerous, 
simple or narrowly bordered and rounded 
to flattened. 

The xylem parenchyma is abundant. It 
is both paratracheal and apotracheal. The 
former is predominant and can be seen dis- 
tinctly with the naked eye as light coloured 
patches in the immediate vicinity of the 
vessels. It is represented mostly by aliform 
sheaths, -5 cells thick, often becoming local- 
ly confluent ( TEXT-FIG. 8; Pr. 2, Fic. 9). 
The apotracheal parenchyma occurs as 
long tangential bands in association with the 
resin canals, and as short tangential strips 
irregularly distributed. The cells of the 
parenchyma are usually rounded or oval, or 
sometimes tubular and filled with a dark 
substance. Pitting when seen consists of 
simple pits which are very minute and 
rounded. 

The outlines of the xylem rays can be 
clearly seen with the naked eye on trans- 
verse as well as longitudinal surfaces of the 
fossil wood. They are evenly distributed. 


They are 4-6 seriate. The uniseriate rays 
are very rare, biseriate and triseriate are 
occasional while the majority of them are 
4-6 seriate ( Pix 2, Fic. 0). The rays are 
0-80 cells high and are distinctly hetero- 
geneous. They have both upright and pro- 
cumbent cells, but in ‘the majority of the 
rays the vertical cells are confined to the 
sides as seen in tangential sections ( TEXT- 
Fic. 9 ); in some of the rays the vertical cells 
also occur on the margins, but as a rule these 
marginal vertical cells are I-2. This is quite 
different from the previous species in which 
the vertical cells are entirely marginal and 
are in l-5 rows. The ray cells usually con- 
tain some dark substance. Pits to the 
tangential walls of these cells are seen fre- 
quently; these are simple, circular to oval 
and many per cell. 

The resin canals are vertical and distinct 
to the naked eye. They occur as regular, 
closely spaced concentric lines which are 
sometimes broken. Generally 6-8 of these 
concentric lines can be counted radially per 
inch, but at some places there are as many 
as l2-]5 per inch. The individual resin 
canals vary much in shape and size even in 
the same row. They are oval to rounded, 
often tangentially compressed, and usually 
smaller in size than the vessels. The canals 
in between the two neighbouring xylem rays 
are sometimes radially compressed to a great 
extent. Rarely the resin canals also occur 
in scattered condition. No horizontal canals 
are present. The canals are mostly empty. 
They are always embedded in concentric 
bands of apotracheal parenchyma, -3 cells 
thick. The epithelium of the canals consists 
of a single layer of cells lining the resin cavity. 
The epithelial cells are usually filled up with 
a dark coloured substance. In cross-section 
the epithelial cells are oval or rounded, and 
somewhat bulged or arched on the side facing 
the cavity of the canal ( TExT-FIG. I0). 
Whenever these cells are without contents, 
the pitting on the transverse walls (end 
walls) can be seen very clearly. The pits 
are very minute, simple, circular and many 
per cell. There are no idioblasts in the 
fossil wood. 

Comparison with the Fossil Spectes — The 
present specimen differs greatly from that 
of Shoreoxylon Holdeni in the following 
characters: (l) the presence of abundant 
aliform parenchyma, (2) apotracheal paren- 
chyma confined mainly in the vicinity of the 
resin canals, (3) rare occurrence of tracheids, 


50 THE 


LAN 


> 


FI 


IE] 


PALAEOBOTANIST 


Cher 
Cy 


es 


TEXT-FIGS. 8-]0 — Shoreoxylon mortandranse sp. nov. 8, semi-diagrammatic cross-section to show the 


distribution of xylem parenchyma and resin canals 


70: 


9, heterogeneous ray. x 300. 0, vertical 


resin canals under high power to show the pits to the epithelial cells. x 300. 


(4) rays broader and higher, with a different 
arrangement of vertical cells. 
Dipterocarpoxylon tobleri, described from 
the Miocene of South Sumatra ( KrÄUSEL, 
922) resembles the present specimen to a 
great extent in the size, shape and distri- 
bution of the vessels, in the intervessel 
pitting, in the structural details of the fibres, 
and vertical resin canals. But in the nature 
and distribution of the xylem parenchyma 


the Sumatran species is easily distinguish- 
able from the South Indian fossil wood. In 
Dipterocarpoxylon tobleri the parenchyma in 
general is very scanty, particularly the 
paratracheal type, which is vasicentric but 
not aliform. The xylem rays in this species 
although heterogeneous, possess upright cells 
usually on the margins. Besides, the pre- 
sence of vasicentric tracheids is a very 
common feature in D. tobleri. 
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Shoreoxvlon palembangense, described from 
the Miocene of Sumatra (DEN BERGER, 
923), although agreeing in the general 
features with our fossil can, however, be 
easily distinguished in the possession of low 
rays and very scanty parenchyma. 

The present specimen, because of its 
differences from the hitherto described 
species of Dipterocarpaceae woods, has been 
given a new specific name, Shoreoxylon 
mortandranse, after the locality Mortandra 
from where it was collected. 

Diagnosis — Growth-rings absent. 

Vessels diffuse, medium to large, l80-280 u 
in diam., solitary or in radial groups of 2-3, 
circular when solitary, flattened at the 
places of contact when in radial groups, 
sparsely tylosed, vessel-segments medium, 
250-500 u long, truncate; perforations simple, 
horizontal; intervessel pitting abundant; 
pits small to medium, alternate, typically 
bordered, rounded to slightly flattened with 
lenticular apertures; vessel-ray pits bordered 
or simple, small, rounded, several per cell. 

Tracheids very rare, in groups of -4, 320- 
420 u in length, 35 p in diam., very thick- 
walled, rounded or polygonal in cross- 
section. 

Fibres medium to long, ,550-i,900 u in 
length, 8 u in diam., libriform to semi- 
libriform, aseptate, squarish to polygonal in 
cross-section; pits numerous, simple or 
narrowly bordered, round to flattened. 

Parenchyma abundant, visible to the naked 
eye as light coloured patches in the immediate 
vicinity of the vessels, both paratracheal and 
apotracheal; paratracheal type aliform to 
locally confluent, -5 cells thick; apotracheal 
type in l-4layered concentric bands asso- 
ciated with the resin canals, and as short 
tangential strips; cells rounded or oval, or 
sometimes tubular, usually with dark con- 
tents; 8-30 in diam.; pits simple, ‚very 
minute, rounded. 

Rays evenly distributed; -6 seriate; 
uniseriate rays very rare, biseriate and tri- 
seriate rays occasional, majority of them 
4-6 seriate; l0-80 cells high; heterogeneous, 
the vertical cells mostly confined to the 
lateral sides of the rays as seen in the tangen- 
tial sections; when marginal the vertical 
cells never in more than l-2 rows; ray cells 
usually filled with dark contents; pits on the 
tangential walls simple, circular to oval and 
many per cell. 

Resin canals of vertical type, arranged 
in regular closely spaced concentric lines, 


95-60 u in diam., very rarely diffuse; pits to 
the epithelial cells simple, very minute, 
circular and many per cell. 

Collection — Holotype No. 4982 of the Bir- 
bal Sahni Institute of Palaeobotany Museum. 


Genus — Dipterocarpoxylon Holden 
Dipterocarpoxylon indicum sp. nov. 
Pl. 2, Figs. 2-i4; Text-figs. 4.-i4 


The species is represented by two silicified 
pieces of wood, the bigger one of which 
measures I0X8 cm. The wood does not 
show growth-rings either to the naked eye 
or under the microscope. 

The vessels are uniformly distributed. 
They are medium, sometimes large, mostly 
solitary and only at times in radial groups 
of 2-3, which are usually flattened at the 
places of contact. Tyloses are of common 
occurrence and show great variation in their 
size and shape. The vessel-segments are 
medium and truncate or tailed. The per- 
forations are simple and horizontal. The 
intervessel pits are small, crowded and dis- 
tinctly bordered. When not crowded the 
pits are alternate. They are circular with 
oval to elliptical apertures. At some places 
the border and the apertures are not distinct. 
Vessel-ray pits are simple, small, circular 
and several per cell. Occasionally these 
pits are also bordered, and when so the 
apertures are oval to elliptical. 

The fossil does not possess any tracheids. 
Rarely tracheid-like cells ( fibre tracheids ? ) 
are met with in the immediate vicinity of 
the vessels. Pits to these cells are bordered, 
circular with round to oval apertures. 

The fibres are libriform. They are ar- 
ranged regularly in radial rows. They are 
squarish to polygonal in cross-section. In 
general the fibres are of medium in length. 
They are thickwalled, unseptate and possess 
numerous small, circular, simple or some- 
times narrowly bordered pits ( TEXT-FIG.  ). 

The parenchyma is limited, but distinctly 
seen with a hand lens as buff-coloured patches 
here and there. It is paratracheal as well 
as apotracheal. The former is of two types: 
(l) vasicentric, l-4 layered sheaths usually 
incompletely surrounding the vessels, (2) -3 
layered, short, irregular tangential strips 
KPEXT-RIG. 20 27 Pie, 2) The ape-= 
tracheal parenchyma is present only in asso- 
ciation with the resin canals. It is usually 
i-4 cells thick. The cells of the parenchyma 
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in cross-section are circular or slightly elon- 
gated radially. They are often filled with a 
dark coloured substance. The pitting of the 
parenchyma cells is not observed. 

The rays are fairly visible under the hand 
lens on both the transverse as well as longitu- 
dinal surfaces of the fossil. They are evenly 
distributed and heterogeneous. The rays 
are l-4 seriate and 0-30 cells high (Pr. 2, 
Fic.3). Uniseriate rays are fairly common, 
but the majority of them are triseriate. 
The vertical cells in the heterogeneous rays 


are usually marginal in 2-3 rows, but are 
sometimes intercalated between the procum- 
bent cells ( TEXT-FIGs. 3, 4). The hetero- 
geneous condition of the rays is best seen in 
the radial sections ( PL. 2, Fic. 4). The 
ray cells are, as a rule, heavily plugged with 
a dark coloured substance. End to end ray 
fusions are not uncommon. 

The fossil wood possesses vertical resin 
canals the distribution of which is principally 
diffuse. They are, as a rule, solitary but 
occasionally the canals are seen in groups of 


_ TExt-Fics. 74-4 — Dipterocarpoxylon indicum sp. nov. {, pits to the fibres. x 300. 2, 
diagrammatic cross-section to show the distribution of xylem rays and resin canals. x 70. 


heterogeneous xylem rays. x 300. 


semi- 
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2-3. When they are in groups, the canals 
are always arranged tangentially in contra- 
distinction to the radial grouping of the 
vessels. The canals are invariably em- 
bedded in a sheath of xylem parenchyma, 
(७ cells thick (Pr. 2, Fie 2 ). The canals 
are smaller than the vessels and are either 
empty or filled with a dark resinous matter. 
The epithelium consists of a single layer of 
cells which are oval to rounded and are 
bulged or arched towards the side facing the 
interior of the cavity. Some of the vessels 
filled with dark contents also look like resin 
canals; however, a closer examination al- 
ways points out beyond doubt their true 
nature. 

Comparison with the Living Species — The 
presence of vertical resin canals, the hetero- 
geneous xylem rays evenly distributed, and 
lastly the limited amount of the xylem paren- 
chyma indicate in no uncertain manner that 
the fossil under investigation belongs to the 
modern family Dipterocarpaceae. 

While dealing with Shoreoxylon species it 
was mentioned (see page 2) that the 
living genera of Dipterocarpaceae are divided 
into two categories; the one in which the 
secretory canals are aligned in concentric 
rows, and the other in which the secretory 
canals are primarily diffuse in their distri- 
bution. The second category to which our 
present fossil obviously belongs, embraces 
genera like Dipterocarpus, Anisoptera, Vateria 
and Vatica ( Dipterocarpeae, Vaterieae and 
Vaticae ). 

The vessels in Vaterieae and Vaticae are 
small when seen in cross-section and the 
parenchyma is mostly diffuse in its distri- 
bution. The members of Dipterocarpeae, 
on the contrary, normally have medium- 
sized vessels (there are many species with 
large to very large vessels, but none with 
small vessels, i.e. less than I00 u in diam.). 
The parenchyma in the Dipterocarpeae 
varies greatly in its distribution, often even 
in the same species ( Reys, 923). As the 
South Indian fossil has vessels averaging 
70 u in diam., paratracheal parenchyma 
and scattered secretory canals, it compares 
easily with the Dipterocarpeae. The com- 
parison also holds good in the nature of the 
rays and the structural details of the fibres. 

A comparison with the two genera Dip- 
terocarpus and Anisoptera shows that our 
fossil is nearer to the former. It differs 
from Anisoptera in its narrower rays and in 
the fact that the vessels do not tend so fre- 


quently to form radial groups as in the case 
of Anısoptera. Besides, the vasicentric tra- 
cheids in Anisoptera are generally of common 
occurrence. 

Comparison with the Fossil Species — A 
study of the hitherto described species of 
the Dipterocarpaceous woods ( KRÄUSEL, 
922, 925, 926; DEN BERGER, 9200 027 
PFEIFFER & VAN HEURN, 928; EDWARDS, 
03)॥ BAncRoFT, 9033 CHIARUGI, | 033: 
Gupta, 935; CuowpHURY, 938 ; BouREAU, 
952) has indicated that the present fossil 
can easily be compared with Dipterocarpo- 
xylon africanum ( BANCROFT, 4933 ) from the 
Miocene of East Africa, Dipterocarpoxylon 
somalense ( CHIARUGI, 933) from the Plio- 
Pleiostocene of Somaliland, and Dipterocarpo- 
xylon garoense (CHOWDHURY, 938) from 
the Tertiary of Garo Hills, Assam. 

The East African D. africanum resembles 
the timbers of the modern Dipterocarpus. 
The resemblances between it and the South 
Indian specimen are, therefore, quite marked. 
But D. africanum can be easily distinguished 
from the present specimen in possessing 
comparatively smaller vessels, very scanty 
parenchyma ( which except in the immediate 
vicinity of the resin ducts is negligible ), and 
in the comparatively more common occur- 
rence of short tangential rows of resin canals. 

Dipterocarpoxylon somalense is comparable 
with our fossil in the general features. It, 
however, differs in possessing very large resin 
canals, long tangential bands of metatra- 
cheal parenchyma, and only -2 seriate 
xylem rays. 

Dipterocarpoxylon garoense from Assam, 
according to Chowdhury ( 938), resembles 
the modern woods of Anisoptera to a very 
great extent. The Assam species differs 
from the South Indian specimen in the more 
frequent grouping of the vessels in radial 
rows, wider rays (5-6 seriate ), presence of 
distinct tracheids, and lastly in the presence 
of narrow to wide bands of apotracheal 
parenchyma. But, in the distribution and 
structural details of the vessels, resin ducts 
and fibres D. garoense resembles our fossil 
to a very great extent. 

The present fossil is described under the 
genus Dipterocarpoxylon in its restricted 
sense as advocated by Den Berger ( 923 ). 
As it possesses several features which dis- 
tinguish it from the hitherto described 
species, the new specific name Dipterocar- 
poxylon indicum has been proposed for it. 

Diagnosis — Growth-rings absent. 
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Vessels diffuse, medium to sometimes large, 
55-225 u in diam., mostly solitary, radial 
groups of 2-3 vessels seen only at times, 
commonly tylosed, l0-4 per mm.; vessel- 
segments medium, 275-470 (५ long, truncate 
or tailed; perforations simple, horizontal; 
intervessel pits small, crowded, distinctly 
bordered, circular with oval to elliptical 
apertures; often pits alternate; vessel-ray 
pits small, simple, circular, several per cell; 
these pits occasionally bordered, border 
circular, apertures oval to elliptical. 

Tracheids absent; rarely tracheid-like cells 
(fibre tracheids ? ) found in the immediate 
vicinity of the vessels; pits bordered, circular, 
apertures round to oval. Fibre tracheids(?) 
400-900 uw long. 

Fibres libriform, medium, ,200-,550 (४ 
in length, 45 uw in diam.; aseptate, squarish 
to polygonal in cross-section, arranged in 
regular radial rows, thick walled; pits nu- 
merous, small, simple to sometimes narrowly 
bordered, circular. 

Parenchyma limited, but distinct with a 
hand lens as buff-coloured patches, paratra- 
cheal and apotracheal; paratracheal type of 
two kinds (l) in I-4 cells vasicentric sheaths, 
(2) in l-3 layered short tangential strips in 
contact with the vessels; apotracheal type 
always in association with the resin canals, 
l-4 cells thick; cells circular or slightly elon- 
gated radially, often filled with a dark 
coloured substance. 

Rays moderately numerous, 6-0 per mm.; 
uniformly distributed; l-4 seriate, uniseriate 
rays fairly common, majority 3 seriate, 0-30 
cells high; heterogeneous, with 2-3 marginal 
rows of vertical cells, vertical cells sometimes 
intercalated between the procumbent cells; 
end to end ray fusions not uncommon; ray 
cells heavily plugged with a dark coloured 
substance. 

Resin canals of vertical type present; dis- 
tribution principally diffuse, solitary, occa- 
sionally in tangential groups oi 2-3, very 
small, 50-85 » in diam., either empty or 
filled with a dark resinous substance. 

Collection — Holotype No. 4964 of the Bir- 
bal Sahni Institute of Palaeobotany Museum. 


DISCUSSION 


Members of Dipterocarpaceae like Diptero- 
carpus, Shorea, Vateria, Vatica, etc., are more 
or less well represented in the modern flora 
of South India ( GAMBLE, 922; PEARSON & 
Brown, 932). The occurrence of Dip- 


terocarps in South India during the Tertiary 
period is of some significance in connection 
with the distribution and the routes of migra- 
tion of the Dipterocarpaceae. The present- 
day members of this distinctly tropical family 
are confined mainly to Asia ( MERILL, i923; 
REYS, .927: Bancrorr, 933). Outside 
this region the family is represented by a 
single species Vateriopsis scychellarum in the 
Scychelles (SUMMERHEYES, 93) and by 


TABLE 4 — DISTRIBUTION OF THE WOODS OF 
DIPTEROCARPACEAE KNOWN IN THE FOSSIL 
CONDITION AND THEIR AGE 


SPECIES COUNTRY GEOLOGICAL 
AGE 
Bredaza moroides, Goeppert, 854 
Dipterocarpoxvlon moroides, 
Kräusel, 926 Java Tertiary 
Shoreoxylon moroides, Den Berger, 
Naucleoxylon spectabilie, Crie, 
Dipterocarpoxylon spectabilie, = 
Cee ] 926 x Java Tertiary 
Drybalanoxylon spectabilie, Den 
Berger, 927 
Grewioxylon swedenborgii, Schus- 
ter, I9I0 East Indies. Tertia 
Dipterocarpoxylon swedenborgii, 2e सब 
Schuster, 9l0 
Dipterocarboxylon tobleri, Kräu- 
sel, 492५ 
Drybalanoxylon tobleri, Den Ber- 
ger, 923 
Dipterocarpoxylon sp., Kräusel, South Tertiary 
4923 Sumatra 
Shoreoxylon djambıense. Den 
Berger, 923 
Dipterocarpoxylon djambiense, 
Edwards, 93l 
Dipterocarpoxylon sp., Kräusel, 
922 
Shoreoxylon Krauseli, Den Ber- South Tertiary 
ger, 923 Sumatra 
Dipterocarpoxylon Krauseli, 
Edwards, 93 
Caesalpinioxylon Palembangense, 
Kräusel, 922 5 A A 
Shoreoxylon Palembangense, Den nu Miocene 
Berger, 923 
Dipterocarpoxylon javanense, 
Kräusel, 922 : 
Drybalanoxylon Javanense, Den Java Tertiary 
Berger, 927 
Dipterocarpoxylon Goepperti, Java Tertiary 
Kräusel, 926 
Drybalanoxylon sp., Pfeiffer & Java Plio-Pleisto- 
Van Heurn, 928 cene 
Dibterocarpoxylon sp., Pfeiffer & Java Plio-Pleisto- 
Van Heurn, 928 cene 
Shoreoxylon sp., Pfeiffer & Van Java Plio-Pleisto- 
Heurn, 928 cene 
Dipterocarpoxylon Scabelianum, Italian Plio-Pleisto- 
Chiarugi, 933 Somaliland cene 
Dipterocarpoxylon somalense, Chia- Italian Plio- Pleisto- 
rugi, 933 Somaliland cene 
Dipterocarpoxylon giubense, Chia- Italian Plio-Pleisto- 
rugi, 933 Somaliland cene 
Dipterocarpoxylonafricanum, Ban- East Africa Tertiary 
croft, 933 
Dipterocarpoxylon garoense, Chow- Assam, India Tertiary 
dhury, 938 
Dipterocarpoxylon khmerinum, Indo-China Tertiary 
Boureau, 952 
Shoreoxylon Holdeni, Ramanujam South India Tertiary 
Shoreoxylon mortandranse, Rama- South India Tertiary 
nujam 
Dipterocarpoxylon indicum, Rama- South India Tertiary 
nujam 
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two genera, Monotes and Marquesia, in 
tropical Africa ( BAncRoFT, 933, 935 ie 
The bulk of the Dipterocarpaceae is found 
in the Malayan Archipelago. Incidentally 
most of the fossil species also come from this 
region. Table | lists the fossil Dipterocarpa- 
ceous woods described so far from various 
countries. According to Bancroft ( 933 ) 
the typical members of this family had a 
much wider distribution during the Plio- 
Pleiostocene times than at present. Ban- 
croft (loc. cit., pp. 88, 89) suggests two 
possible routes of migration of the Diptero- 
carps from South-eastern Asia to Africa, 
(l) along the present north-western land 
connection of the Asiatic continent with 
Africa, (2) a southern route, through South 
India and Madagascar. The present dis- 
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covery of Dipterocarps in the Tertiary rocks 
of South India lends support to the theory 
of the latter route. It is, however, to be 
remembered that no Dipterocarps, living or 
fossil, are found in Madagascar and this 
leaves a gap in the route of migration. If 
some fossil Dipterocarps were to be dis- 
covered in Madagascar, they will definitely 
serve to bridge this gap. 
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EXPLANATION OF PLATES 


PLATE | 
i-7 Shoreoxylon Holdeni sp. nov. 


Î. Polished transverse surface of the wood under 
low magnification to show the general structure. 
Note the tangential lines of resin canals. x 3. 

2. Tylosed vessels. x 95. 

3. Intervessel pitting. x 200. 

4. Cross-section showing the vasicentric tracheids. 
i URE 

5. Cross-section to show the distribution of the 
vertical canals and xylem parenchyma. x 35. 

6. Tangential section showing the general fea- 
tures of the heterogeneous xylem rays. x 50. 

7. Radial section showing the marked hetero- 
geneous nature of the rays. x 50. 

8. Shoreoxylon mortandranse sp. nov. Polished 
transverse surface of the wood under low magni- 
fication to show the general structure. Note the 
concentric lines of resin canals. X 2. 


PEATE a, 
9-]4 Shoreoxylon mortandranse sp. nov. 


9. Cross-section showing the distribution of the 
parenchyma. x 35. 

0. Tangential section showing the xylem rays. 
x I50: 

ii. Radial section to show the heterogeneous 
nature of the rays. x 200. 


32-44 Dipterocarpoxylon indicum sp. nov. 


2. Cross-section showing the nature and dis- 
tribution of the vessels, resin canals and the xylem 
parenchyma. x 35. 

i3. Tangential section showing 
structure of the rays. x 50. 

i4. Radial section showing the markedly hetero- 
geneous rays. X 50. 


the general 
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SOME OBSERVATIONS ON POLLEN FOUND IN 
INDIAN TERTIARY LIGNITES* 
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ABSTRACT 


Attention is drawn to the occurrence of some 
similar types of pollen, spores and possible micro- 
thyriaceous remains in some of the Tertiary lignites 
of India like those of Palana, Warkalli and S. 
Arcot and in the Deccan Intertrappean Series. The 
pollen have been provisionally compared to the 
genera like Potamogeton, Betula, Fraxinus, Borassus, 
Tilia, Protea, Carya, Carpinus, Quercus and Schizaea 
which might well have been the common compo- 
nents of the different Tertiary floras of India. The 
Indian Tertiary vegetation thus included families 
like the Proteaceae, Juglandaceae, Tiliaceae, Pa] mae, 
Fraxineae, Betulaceae, Potamogetonaceae and 
Schizaeaceae, and was probably uniform. Some 
of the above-mentioned pollen and spore types and 
particularly the Microthyriaceae occurring in 
Indian Tertiary lignites are also found in Australia. 
This fact not only points to the wide distribution 
of some genera during the Tertiary period but also 
indicates that the climate was also probably similar 
in these widely separated regions. 


NDIAN lignites have not received the 
attention they deserve from palaeo- 
botanists. Recent studies on some 

lignites from Palana (Rao & VIMAL, I950, 
952; VIMAL, unpublished data) in Bikaner, 
Dandot in the Salt Ranges ( Vımar, 952), 
Warkalli in Travancore (R4o & VIMAL, 
952a; Vimar, 0 003 ) and Cuddalore in 
South Arcot ( JAcoB & JACOB, 950; VIMAL, 
unpublished data) Madras State, have 
brought to light the wealth of pollen and 
spores that lie hidden in these lignites. 
Although it has been comparatively easy 
enough for me and Mr. Vimal to describe 
these pollen and spores found in the lignites 
studied by us, referring them to their syste- 
matic position has been an _ exceedingly 
difficult task. The absence of any literature 
or herbaria or museum of pollen material 
of Indian living plants has been a serious 
handicap. In fact even the data in general 
regarding the pollen and spores of living 
plants are very variable, conditioned by the 
age of the plant, the time of collection, 
certain environmental factors like soil, water, 


location, climate, etc. In case of fossil 
pollen the position is still worse. Defective 
and insufficient preservation render general 
and statistical studies of these pollen very 
difficult. The wide range of variation seen 
in living pollen cannot always be observed 
in fossil pollen. The finer morphological 
features like the exine and intine characters 
and surface sculpturing may not be fully 
preserved. The comparison of these pollen 
and spores in the above-mentioned Indian 
tertiary lignites has thus been very difficult 
indeed. Still, with the help of the very 
valuable works of Wodehouse and Erdtman 
on living pollen, certain provisional com- 
parisons have been made when sufficiently 
reliable and convincing morphological data 
like spore form, furrows, pores, surface sculp- 
ture, dimensions, etc., have been forthcoming. 
On the basis of these criteria and following 
the classification of Erdtman these pollen 
and spores have also been classified and 
figured. The descriptive terminology employ- 
ed in this work also borrows largely from 
Selling ( 946, 947), Erdtman ( 943, 947, 
952) and Wodehouse (935). It has 
already been pointed out that there was no 
other alternative but to compare these 
pollen and spores with their possible living 
counterparts no matter what part of the 
world they came from. The works of Wode- 
house, Selling, Erdtman, Sears, Potonie, 
Cookson and several others were indeed very 
helpful. It is but natural that in such a 
large-scale comparison with extra-Indian 
flora the identifications may not be very 
accurate generically, although satisfactory 
so far as the natural orders are concerned. 
But this is unavoidable until we have in 
India an indigenous pollen herbarium or 
collection preserved according to standard 
techniques and recorded and illustrated ac- 
cording to certain conventional descriptive 
terminology and illustration. The distin- 
guished palynologist Erdtman has shown 


*Summary of a lecture delivered before the Annual Scientific Meeting of the Palaeobotanical 
Society at the Birbal Sahni Institute of Palaeobotany, January 954. 
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us the way to do this. An exhaustive and 
intensive study of living pollen types of our 
country is an indispensable prerequisite to 
the study of fossil pollen. Accordingly we 
have refrained from making any large-scale 
comparisons or giving the pollen and spores 
definite generic names. During the course 
of this work it was noticed that certain types 
of pollen are represented in all the different 
lignites while others are not. Some of these 
common types are of great interest as the 

serve to indicate some reliable and common 
components of the tertiary vegetation of 
India. Their occurrence in not only Indian 
but also extra-Indian tertiary deposits like 
those of Australia (whose microflora has 
been investigated ) is important and signi- 
ficant, and it is just to some of these common 
types that I will confine my attention in 
this brief note. They render the task of 
comparison easy and help in verifying the 
age of fossiliferous beds. Certain general 
inferences regarding the nature of the flora, 
its composition and generic representation 
have already been made in the papers 
referred to above (see Rao & VIMAL and 
VIMAL). It has also been pointed out in 
the above papers that the identification — 
provisional as it is — is of only a fraction 
of the large number of pollen and spores 
found in the lignites. A significant fact 
that has emerged from our study of these 
lignites is the absence in all of them, so far 
at least as has been studied, of any type of 
Conifer pollen — particularly of the winged 
type. Pteridophytic spores seem to be in 
very small proportions to the entire micro- 
fossil flora. It was evidently a dominatingly 
angiospermous vegetation that went to form 
these lignites. Most of the pollen seem to 
be of the arborescent types. 

Plate l indicates the various types of pollen 
arranged in serial order. Their possible 
generic comparisons are also indicated. The 
corresponding types in each lignite deposit is 
also figured ( either in an equatorial or polar 
view ) in horizontal series. Their size, shape 
and surface features and exine characters 
are also indicated alongside of the figure. 
In spite of the variations found on these 
points they probably belong to the same type, 
perhaps family, but may or may not belong to 
the same genus. Of course varying modes of 
preservation may give rise to contradictory 
appearances and varying dimensions even 
in the same type or species of spore. A 
general perusal of the table at once shows 


that the nonaperturites type, the tricolpites 
type, the ¢riorites types and the micro- 
thyriaceae occur in all the four lignites. 
The hexacolpites type occur in all but the 
South Arcot lignites. The tetracolpites and 
the monoletes types appear to be absent from 
the Warkalli lignites. The above conclu- 
sions are not in any sense categorical. It is 
most likely that the types missing in their 
respective lignites have only not yet been 
observed so far. Their presence, if dis- 
covered later, would only add to the list of 
types that are common to all the lignites. 
The greatest measure of agreement is found 
in the nonaperturites, the triorites, the tri- 
colpites and tetracolpites types, and, on the 
whole, the Colpites seem to dominate. 

Amongst the nonaperturites type is only 
one type of pollen provisionally referred to 
Potamogeton. The tetracolpites and penta- 
colpites include types referred to Fraxinus 
(which may be penta or tetracolpate ) and 
one tetracolpate type is referred to Tila. 

The monocolpites type includes grains 
which can be referred to the palms Borasssu 
and Pritchardia, the former genus being 
present in the present-day flora of India. 

A triorites type of pollen has been referred 
to the genus Betula and this occurs in all the 
Indian lignites and in the Deccan Eocene 
flora. Another friorites grain found so far 
only in the Palana lignites resembles the 
grains of the Proteaceae. This type of grain 
is also reported from Australian tertiary 
deposits. 

The tricolpites are represented by Quercus 
and Carpinus types of pollen. An unidenti- 
fied triletes spore occurs in all the lignites and 
in the Eocene Deccan traps. A triporite 
Carya-type of pollen is also found in the 
South Arcot deposits. 

A monoletes type of sporomorph found in 
Palana and South Arcot can be referred to 
the Schizaeaceae. 

It is necessary to make it clear here that 
the occurrence in these lignites of corres- 
ponding types of pollen and spores as shown 
in the Plates does not in any way assert 
specific or generic identity between them 
although it may be present. They simply 
indicate the existence of similar generic 
types. In the absence of a local pollen 
herbarium these fossil pollen and spores 
have naturally been compared with published 
illustrations and descriptions of extra-Indian 
present-day flora and have been referred 
provisionally to genera more as a method of 
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classifying them conveniently rather than as 
suggesting any definite generic or specific 
relationships. Yet even if this indirect and 
limited comparison stands on secure data 
regarding the size, shape and other morpho- 
logical features (well within the range of 
variation ), there is no reason why the pollen 
should not provisionally be compared to, 
though not definitely referred to, certain 
genera. This has indeed been the attitude 
adopted all along the course of this work 
and judged in this manner it may be said 
that the Potamogetonaceae, Betulaceae, 
Fraxineae, Palmae, Tiliaceae, Proteaceae, 
Juglandaceae were represented in the tertiary 
flora of India, and that genera like Potamo- 
geton, Betula, Fraxinus, Borassus, Tila, 
Protea, Carya, Carpinus, Quercus and Schizaea 
were probably common components of this 
tertiary vegetation, whether of the Eocene 
or Miocene age. Similar types of pollen 
occurring in these different beds indicate 


that the flora in these were not very sharply 
defined from each other but that there were 
many common types and that the flora was 
on the whole rather uniform. The micro- 
thyriaceae are also represented in all the 
lignites as well as in the Eocene deposits of 
the Deccan traps ( CHITALEY, 95la). Some 
of these are remarkably like those described 
by Miss Cookson (947) from Australian 
tertiary deposits. The occurrence of similar 
types of pollen and also these microthyria- 
ceae in all the different tertiary deposits 
studied above and also in the tertiary depo- 
sits of Australia is significant. It also con- 
firms the presence and wide distribution of 
the Microthyriaceae in the Eocene and Mio- 
cene periods in India and incidentally 
suggests that similar climatic conditions — 
probably warm humid type — as suggested 
by the presence of palms and absence of 
conifers, prevailed in these widely separated 
regions, 


REFERENCES 


CHiTALEY, 5. D. ({95i). Fossil Microflora from 
Mohgaon Kalan beds of Madhya Pradesh, India. 
Proc. Nat. Inst. Sci. India. '7 (5): 373-383. 

Idem (95la). Further report on the Fossil 
microflora from the Mohgaon Kalan beds of 
the Madhya Pradesh. Proc. Ind. Sci. Congress, 
Bangalore: 59-60. 

Cooxson, I. C. (950). Fossil pollen grains of 
Proteaceous type from Tertiary deposits of 


Australia. Australian Jour. of Sci. Res. Ser. 
BY Biol) Sec, 3(2)7 66-477- 

Idem (947). Fossil fungi from the Tertiary 
deposits in the Southern Hemisphere. Pt. I. 
Proc. Linn. Soc. N.S.W. ७6 Pts. {-2: 49- 
63. 


ERDTMAN (947). Suggestions for the classifica- 
tion of fossil and recent pollen grains and spores. 
Svensk Bot. Tidskrift. 44(): 04-4. 

Idem (943). An introduction to pollen analysis. 
EyIass. UNSAN 

Idem (952). Pollen morphology and plant taxo- 
nomy. Mass. U.S.A. 

Idem (952). On pollen and spores terminology. 
The Palaeobotanist. . (Birbal Sahni Mem. 
Vol.): 69-76. 

Jacos, K. & Jacos, C. (950). 
pollen grains from the tertiary 


On spores and 
lignites of 


Cuddalore, South Arcot, India. 7th Inter- 
national Botanical Congress, Stockholm: 572. 
Rao, A. R. & Vimat, K. P. (950). Plant Micro- 
fossils from Palana Lignites ( ? Eocene ), Bikaner. 

Curr. Sci. 9: 82-84. 

Idem 0 (| ॥9320 0 Tertiary Pollen 
Palana ( Eocene ), Bikaner. 
Sci. India. 48(6): 595-60.. 

Idem (952a). Preliminary Observations on the 
Microfossil contents of some Lignites from 
Warkalli in Travancore. Curr. Sci. 2l: 302-306. 

SELLING (946, 947). Studies in Hawaiian 
pollen. Pts. I & Il. B.P. Bishop Mus. Spl. 
Publ. 37, 38. Hawaii. 

VimaL, K. P. (952). Spores and Pollen from 
Tertiary Lignites from Dandot, West Punjab, 
Pakistan. Proc. Indian Acad. Sci. B. 36(4): 
35-47. à 

Idem (4953). Tertiary Spores and Pollen from War- 
kalli Lignites, Travancore. Ibid. 38: 95-20. 

Idem (Manuscript). Spores and Pollen from the 
Tertiary Lignites, Cuddalore, South Arcot, 
Madras. 

Idem ( Manuscript). Spores and Pollen from the 
Tertiary Lignites of Palana, Bikaner. 
WODEHOUSE, R. P. (935). Pollen grains. 

York & London. 


from 
Inst. 


Lignites 
Proc. Nat. 


New 


PLANT MICROFOSSILS FROM A JURASSIC SHALE OF 
SALT RANGE, WEST PUNJAB (PAKISTAN) 


SICH DASA 
Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


The paper describes a rich variety of microfossils 
obtained by maceration from the variegated shale of 
the Salt Range. The microflora includes several 
kinds of spores, both winged and unwinged; few 
megaspore-like bodies; fragments of wood; and 
several cuticular pieces. The spores are mostly 
pteridophytic and coniferous, the cycadophytic 
grains being rare. Among the large number of 
cuticles considerable proportion are of the Brachy- 
phyllum and Pagiophyllum type, indicating that 
coniferales were strongly represented in the flora. 
Others with sinuous epidermal cells and syndeto- 
cheil type of stomata, suggesting a Bennettitalean 
affınity, are least represented. 

The spores and pollen grains are described under 
Naumova’s (937) artificial system. New sub- 
groups have been proposed for spores and pollen 
grains which do not fit in any of the known sub- 
groups. The microflora as a whole suggests a 
middle Jurassic age for the variegated shale. 


INTRODUCTION 


ge HE Salt Range has long been known 
I as one of the most interesting and 

classical areas, both geologically and 
palaeontologically, and attracted the atten- 
tion of geologists as early as the beginning of 
the nineteenth century. It, however, came 
into much prominence during the early part 
of the present century, mainly due to the 
controversy on the age of the Saline Series 
(see Symposia on the Age of the Saline 
Series, 944, 946). 

The spores and other plant fragments 
described in this paper were recovered from 
a carbonaceous shale in the variegated stage 
of the Nammal Gorge (lat. 32°39'48”: 
long. 795/47%) about 2 mme NES of 
Moosakhel, Mianwali district, W. Punjab 
(see Survey of India Sheet No. 38 P/l4) 
This shale was collected by Dr. R. V. 
Sitholey, along with some other plant fossils, 
in 946. He very kindly passed on this 
shale to me for microfossil investigation. 

Plant microfossils, as far as I am aware, 
have not been recorded from Jurassic rocks 
of the Salt Range. From other parts of 
India also, the only Jurassic microfossils 
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known are from the petrified cherts of Nipa- 
nia in the Rajmahal Hills, Bihar ( Rao, 030, 
943; VISHNU-MITTRE, 954 ). A rich micro- 
flora has been recently recovered by me 
from Sakrigalighat in the Rajmahal Hills 
(unpublished ). 

Plant impressions recorded from the 
Jurassic beds of the Salt Range are few as 
compared to the richness of the Jurassic 
flora of other parts of India. In 880 Feist- 
mantel recognized Ptilophyllum (?) acutı- 
folium Morr. and Podozamites lanceolatus var. 
eichwaldi Heer in a small collection of plant 
fragments from Sekh Budin. 

Sahni and Sitholey (945, p. 62) mention 
“ Pecopteris’ from Moosakhel while describ- 
ing some plant compressions from Sakesar. 
Among the Sakesar plants are two new 
species of the genus Phlebopteris Brong., 
P. indica and P. hirsuta. Both these species 
are of interest for the present work as they 
are fertile and have yielded well-preserved 
spores (SAHNI & SITHOLEY, l.c., PL. 23 
PL. 4). The other forms figured by them 
are three species of Cladophlebis (? Phlebo- 
pteris). In 949 Sitholey described a new 
species of a Cyatheaceous tree fern, Proto- 
pteris nammalensis, from the variegated stage 
of the Nammal Gorge. Apart from these 
the other genera known are Brachyphyllum, 
Otozamites and Pagiophyllum (SITHOLEY, 
Keay poy). 


MATERIAL AND METHODS 


The shale is fairly compact, greyish black 
in colour, fine-grained and distinctly laminat- 
ed. It has a distinct sulphureous smell. 
This may be due to the proximity of the 
sulphuretted hydrogen springs at the base 
of sub-stage 4. 

Under the microscope the shale is chiefly 
composed of minute inequigranular particles 
of quartz. The other constituent minerals 
are thin flakes of mica ( probably musco- 
vite) and small particles of limonite. The 
interstitial spaces are filled with minute 
dark-coloured particles, which have a ten- 
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dency to gather in clots or patches. These 
grains are of limonite, usually reduced to 
magnetite. 


DESCRIPTION 


The spore types in the present paper are 
described under the terminology suggested 
in Naumova’s artificial classification ( 937). 
Many sub-groups include spores which are 
quite different from one another and may 
represent new genera or even families. The 
various sub-groups are used here only to 
indicate an aggregation of types. New sub- 
groups are proposed for spore types which 
cannot be classed under any sub-group. 
The group Saccata has been used by Nau- 
mova for coniferous pollen grains with two 


air sacks only, and so it is difficult to place 
the three-winged pollen grains of the Podo- 
sporites Rao type under it. Similarly, only 
a single sub-group has been created by Nau- 
mova (l.c.) under the group Aletes. Some 
of the present specimens lacking a germi- 
nal aperture show distinct characters in the 
ornamentation of the exine and hence can- 
not be described under a single sub-group. 


Sporae 


Class -— Rimales Naum. 
Sub-class — Triletes Reinsch. 
Group — Azonotriletes Luber 

Sub-group — Leiotriletes Naum. 


This sub-group is represented by nine 
distinct types. 


TextT-Fics. I-3 — l, spore showing rounded tubercles and the trilete. x 700. 
different view showing the flap-like structures ( wings ? ). 


2, 3, spores in 
7002 
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Type I 
Pl. À, Fig. | 


Size 58-72 ७, spore triangular in polar 
view, with pointed corners. Exine laevigate. 
Trilete mark prominent extending up to the 
periphery and bordered by a clear area. 
Spore wall 8-I0 y at the corners and about 
2 u at other places. 

The spores figured here are identical, in 
their shape, size and the thickness of the 
spore wall, to those of Phlebopteris hirsuta 
described by Sahni and Sitholey ( 945, 
Pr. 2, Fics. 8-9 ) from Sakesar. Very likely, 
these spores belong to Phlebopteris hirsuta, 
as the Sakesar plants also come from the 
Jurassic horizon of the Salt Range. 

A large number of spores representing this 
type are found in the shale. 


Type 2 
Pl. गिल 3, 4 

Size 54-57:5 u, spore triangular in polar 
view with rounded corners. Exine laevigate. 
Trilete mark prominent, lips open, having 
a 4-6 u wide dense border, nearly reaching 
the spore wall. From the structure seen 
in Fig. 3 it seems that the lips are raised and 
presumably the dense border observed in 
Fig. 4 is due to flattening of the raised lips. 
Spore wall fairly thick, measuring 4 u. 

Similar spores have also been figured from 
the Jurassic rocks of Ceylon (San, 953, 
Pr. , Fic. 2). Several spores representing 
this type were recovered. 


TYPES 
Pl. । Figs. 8, 8a 


Size 54 u, spore triangular in polar view, 
corners rounded, sides concave. Exine smooth. 
Trilete prominent, lips open, nearly reaching 
the periphery (Fic. 8). Spore wall fairly 
thick and regular (Fic. 8a), measuring 
7 ७ at the corners and 6 [५ at other places. 


TYPE 4 
AE Gly WE Hs 


Size 40-50 u, spore sub-triangular in polar 
view. Corners broadly rounded giving the 
spore a circular appearance. Exine laevi- 
gate. Trilete mark prominent, lips widely 
gaping when open and nearly reaching the 


spore wall. Spore wall 3-4 u thick. Inter- 
ray area thickened by folds as is also evident 
in Fig. 2. 


Type 5 
PME ea 


Size 30 u, polar view triangular, corners 
round. Exine smooth. Trilete mark pro- 
minent, lips thin, extending to more than 
two-third of the radial distance. This spore 
is marked by the presence of triradial loops 
around rays, presumably formed by secon- 
dary folding of the spore wall. 

In the small size and in its smooth exine 
the spore may be compared to those of 
Selaginella Menziesit ( KNox, 938, lies 0), 
p. 442), and also to Plani-sporites priddyi 
( Knox, |050 Pr. ॥// 0 220, 9.386). 


TYPE 6 
Pl. , Fig. 7 


Size 40-47 u, spore triangular in polar 
view, corners round, sides slightly concave. 
Exine smooth. Trilete mark distinct, lips 
slightly open, nearly extending to the spore 
wall. 

The spore is comparable in its shape, size 
and smooth exine to those of Contopteris 
hymenophylloides Brong., described by Thomas 
(9॥ Pr. 3, Fic. 5); to those of Thyrso- 
pteris elegans Kze. ( THOMAS, l.c., Fic. 7); to 
those of Eboracia lobifolia (THOMAS, I.c., 
p. 387); and also to those of Cladophlebis 
(Eboracia) lobifolia (Sze, 4933 Pre ae 
Frcs. 20-22). Comparable forms have also 
been figured by 7705५ (/॥०७७)/७७७/॥०/६ 
9) belonging to Group Di4 of Raistrick. 
This type is fairly common in the shale. 


TYPE 7 
Pl. i, Fig. 40 


Size 83 u, spore spherical, walls thin and 
folded. Exine laevigate. Trilete mark very 
prominent, lips narrow, extending more than 
three-fourth of the radial distance. 

A spore similar in shape and size ( belong- 
ing to Group B, of Raistrick) has been 
figured by Knox (938, Fic. 87) from the 
carboniferous coals. The spore, characterized 
by its large size, form, distinct trilete mark 
and its thin wall, approaches somewhat 
the spores of Calamariaceae ( KNox, |.c., 
p. 46l ). 
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TYPE 8 
Pl. 4, Fig. 4 


Size 52 u, spore irregularly rounded to 
sub-triangular, corners broadly rounded, 
walls thin and wrinkled. Exine smooth. 
Trilete mark distinct, extending to three- 
fourth of the radial distance, 


TYPE 9 
Pl. i, Fig. 23 


Size 48 u, spore sub-triangular in polar 
view, sides somewhat convex. Exine laevi- 
gate. Trilete distinct, lips narrow, extending 
to the margin. Spore wall about 2 u thick. 

In its shape and laevigate exine the spore 
may be compared to those of Selaginella 
nana figured by Knox (950, Pr. 3, Fic. 
0/, p. 257). The spores of S. nana are, 
however, slightly smaller in size, ranging 
from 25-to 30 u. 


Sub-group — Trachytriletes Naum. 


This sub-group is represented by three 
types. 


Type | 
Pl. 4, Fig. 29 


Size 48 u, spore round to sub-triangular, 


corners broadly round. Exine minutely 
granular. Trilete mark distinct, lips narrow, 
extending to the margin. Spore wall about 
2 u thick. 


The spore in its form, size and ornamenta- 
tion is somewhat comparable to those of 
Plani-sporites punctatus described by Knox 
(40020 Pi I7,, Kien 2I3, p. )0 ९ 


TYPE 2 
Pl. , Fig. 24 


Size 79 u, spore nearly spherical, walls thin, 
folded and wrinkled. Exine finely granular. 
Trilete mark fairly distinct, lips narrow, 
three-fourth of the radius in length. 

Spores of Calamariaceae are spherical in 
form, thin-walled, rendering them liable to 
folding and wrinkling during fossilization, 
occasionally punctate, ranging from 70 to 
m30) u..( Knox, 938, p. 46i). All these 
features are noticed in the spore figured here 
and may probably be indicative of a calama- 
rian affinity. 


TYPE 3 
Pl. i, Fig. 6 


‚Size 38 y, spore nearly spherical in polar 
view. Exine finely granular. Trilete mark 
faint, lips narrow, extending to the spore 
margin. Spore wall about 2 u thick. 

Spores comparable in form and size have 
been described as Lycospora pusillus by 
Knox (4950, Fig: 3277, p. 328), 

It is difficult to speak of the affinities of 
the spore figured here but it is possible that 
it may belong to the Lycopodiales. 


Sub-group — Lophotriletes Naum. 


Type I 
Pl. ॥॥ Fig. 20 


Size 68-5 y, spore triangular in polar view, 
corners round. Exine closely covered with 
minute tubercles. Trilete mark prominent, 
lips narrow, extending to the spore margin. 
Spore wall fairly thick (ca. 4-6 u). Several 
spores of this type were recovered. 


TYPE 2 
Pl. 4, Fig. 3t 


Size 65 u, spore rounded to spherical in 
polar view. Exine thickly covered by short 
(3-7 u), finger-like projections. Trilete 
mark distinct, lips narrow, extending to more 
than three-fourth of the radius. 

Spores somewhat similar in form and 
sculpturing have been recorded from the 
Jurassic rocks of Ceylon (Sau, 953, Pr. l, 
Pic L355): 


TYPE 3 


PIS Ries? eo exc tie cand 


Size 68-86:5 wu, spore sub-triangular in 
polar view. Exine covered with rounded, 
large tubercles. Trilete mark clear, lips 
extending to about three-fourth of the 
radial distance, widened and frayed during 
compression ( TEXT-FIG.l). À large number 
of spores of this type are represented in the 
shale. 

Fossil spore resembling somewhat in form 
and sculpturing have been recorded by 
Sahni, Sitholey and Puri ( Palaeobotany in 
India — VI, PL. i4, Fic. 7) from the Brail 
Series (Lower Oligocene ) of Assam. 

In the general form and sculpturing of the 
exine the spore shows some similarity with 
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the spores of Alsophila chimborazensis figured 
by Knox (938, Fic. 77, p. 455). Rela- 
tively large spores ( 80-5 u ) with somewhat 
similar sculpturing are found in some species 
of Lygodium ( Knox, l.c., p. 447). 


Sub-group — Dictyotriletes Naum. 


Type l 
Pl. 0 Fig. 9 


Size 65 u, spore sub-triangular in polar 
view. Exine reticulate, with thin lamellae, 
meshes 3-4 u. Trilete mark distinct, lips 
narrow, partly open, extending up to the 
margin. Spore wall 2-3 u thick. 


Sub-class — Triletes Reinsch 
Group — Zonotriletes Waltz 
Sub-group — Hymenozonotriletes Naum. 


TYPE l 
Pl. | Fig. 7 


Size 80-88 u, monosaccate spore, circular 
to oval in polar view. Body 52-60 u, partly 
covered by the sac, leaving a free central 
area. Exine in the free area finely reti- 
culate. Bladder radially secondarily folded. 
Bladder wall indistinctly intra-reticulate. 

Pollen grains with a single bladder en- 
circling the body have been observed in 
Podocarpus silvestris ( FLORIN, 936, TEXT- 
Fics. 4c, d, e, p. 639); P. neriufolia 
(CHATTERJEE, (943, Pr. 93, Bice £9): 
Cedrus deodara (CHATTERJEE, l.c., PL. 5, 
Fic. Il); Abies nobilis ( WoDEHOUSE, 935, 
PL. 3, Fic. 8, p. 266) and in Pinus excelsa 
(Puri, 20 /00/ Fra], pp. 255,256). Ihe 
present specimen, however, differs from 
these in the general form and ornamentation 
of the exine. 


Sub-group — Stenozonotriletes Naum. 


Pl. [कि 27 


Size 39 u, spore circular to broadly tri- 
angular. Exine minutely granular. Trilete 
mark distinct, lips narrow, extending to the 
spore margin. Spore wall 3-4 u. Equa- 
torial flange thin, I-2 uw broad. 

In the general form, size and the sculp- 
turing of the exine, the spore shows a striking 
resemblance with those of Lycospora 5. W. 
and B. figured by Guennel (952, PL. 4, 
Fic. 4) from the Alleghenian coals ( Pennsyl- 
vanian ) of Indiana. 


Class — Rimales Naum. 
Group— Monoletes Ibr. 
Sub-group — Azonomonoletes Luber 


Type | 
PES Us 


Size 9X58 gu, spore elliptical, boat- 
shaped; possessing a single, median longi- 
tudinal furrow, lips narrow, extending from 
one end to the other. Exine smooth. 

Boat-shaped spores with a single longi- 
tudinal furrow have been attributed to the 
Bennettitales ( WoDEHOUSE, 935, p. 227). 
The spore may be compared in its general 
form and in having a single median longi- 
tudinal furrow to those of Cycadeotdea etrusca 
Cap. and Solms ( WIELAND, 906, Fic. 83, 
Nos. 8-0; WODEHOUSE, l.c., Fic. 7l, Nos. 
-5) and also to those of Cycadeotdea daco- 
tensis { WIELAND, l.c., Fic. 83, No. 4). 


TYPE 2 
गा Fig. 30 


Size 25-29 u, spores bilateral, oval in shape, 
with a simple monolete suture, lips narrow 
and simple. Exine smooth. Spore coat 
thin and translucent. 

These spores are probably equivalent to 
Laevigatosporites ( Ibrahim) emend., 5. W. 
and B. The size and form of the spore 
resemble those of Phaseolites minimus Wilson 
and Coe ( 940, Fic. 5, 9. 83 ). 


Class — Irrimales Naum. 
Group — Aletes Ibr. 
Sub-group — Trachyaletes New sub-group 


TYPE l 
Pl. lp-Bige25 


Size 38 u, spore spheroidal in outline. 
Exine finely granular. Germinal aperture 
not visible. Spore coat distinct, about 2 u. 
thick. 


Sub-group — Striatoaletes New sub-group 
TYPE ! 
al dp sere ER 


Size 36x47 u, spore thin, rounded to 
ovate in outline. Exine characterized by 
rather large number of longitudinal, parallel 
to oblique, relatively thin and narrow stria- 
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tions. This type is very common in the 
shale and found in different planes but in 
none of them any germinal aperture is 
visible. 

In the absence of a germinal aperture it 
is difficult to compare it with any member 
of the Filicales. However, spores possessing 
striations, symmetrical or asymmetrical, 
parallel or dichotomizing, are produced by 
the Schizeaceae and the Cyatheaceae. With- 
in Schizeaceae both bilateral ( SELLING, 944, 
p. 6) and tetrahedral types are produced 
and the striations are symmetrically arranged 
(Knox, 938, pp. 447, 456). Bilateral 
spores are not met with in the Cyatheaceae 
and the striated forms, e.g. Cyathea decipiens, 
have asymmetrically arranged striations 
PRNOox; Ic. Fic: 82, p. 456), 


Sub-group — Liratoaletes New sub-group 


TYPE | 
PSS ie send teed ra) 


Size 40 u, spore circular to oval in outline. 
Exine coarsely granular ( Fic. lla). Outer 
wall in the middle region thrown into a 
spiral of narrow and distinct ridges round the 
spore body, like a girdle ( Fic. I). Germi- 
nal apertures not visible from any plane. 
Spore wall distinctly pitted, about 2-3 u. 
thick. 

This is a rather characteristic spore but 
unfortunately only a single specimen was 
recovered. 


TYPE 2 
Pl. i, Fig. 6 


Size 36 u, spore thin, rounded to oval in 
outline. Exine granular; about six narrow 
ridges seen crossing the spore-body, at one 
end. No germinal aperture visible. Spore 
wall smooth, about 4-5 u. thick. 

In its general form and size, the spore con- 
siderably resembles that figured in Type Î. 


Pollina 


Class — Aporosa Naum. 
Group — Saccata Naum. 
Sub-group — Oedemosaccus Naum. 


PI. i, Fig. 24 
Size 36x56 u, body circular, exine ex- 


tended into two swollen bladders on either 
side. Surface of both the body and bladders 
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finely reticulate. Body measures 35 y. This 
type is fairly common in the shale. 

Coniferous pollen with two wings are 
commonly referred to the genus Pityosporites 
Seward. Comparable forms have been re- 
corded from the Nipania chert ( Jurassic ) 
of the Rajmahal Hills, Bihar ( Rao, 943, 
Pr. 2, Fic. 24; VISHNU-MITTRE, .954, PL. 2, 
FıG. 45 ) and also from the Jurassic rocks of 
Ceylon (Sau, / 27207 Fic. 30). These 
may also be comparable with the two- 
winged pollen grains met with in the Podo- 
carpineae and the Abietineae. Amongst 
the two-winged pollen grains of the present- 
day conifers, the Podocarpineae produces 
the smallest in size, ranging from 27-4 to 
45-7 u in diameter. In Abietineae the grain 
size is usually above 50 u. 

Comparisons may also be made with those 
of Pityosporites sp. figured by Solms- 
Laubach from the Wealden rocks of Franz 
Josef Land (SEwARD, 9i9, Fic. 790, A, 
2393): 


Sub-group — Trisaccus New sub-group 
Pi Big 26 


Size 40x 6l u; pollen in distal view, body 
oblong, longer than broad. Exine extended 
into three prominent bladders. Bladders 
elliptic, much smaller than the body, about 
25xl4 uw and attached on the distal side. 
Bladder walls fairly thick. Surface of body 
granular while the bladders are reticulately 
sculptured. 

Some fossil three-winged pollen grains, 
attributed to the Podocarpineae, have been 
described under Podosporites tripakshi by 
Rao 060 Pr. l, Fies. 50020) from the 
Nipania cherts. The grains of P. tripakshi 
Rao are, however, comparatively much 
smaller in size, being only 30:5 x 4-75 u. 

Amongst the living Conifers, three or more 
winged grains are produced by some of the 
Podocarpineae and the Abietineae. The 
grains in Podocarpus dacrydioides ( WODE- 
HOUSE, 935, p. 279); Pherosphera Fitz- 
geraldi ( WODEHOUSE, l.c., p. 28) and Micro- 
cachrys tetragona (THOMSON, 909, p. 27) 
reach only a maximum size of 46 u. 

In the Abietineae the grains are bigger 
than the maximum size attained by the 
Podocarps. Pinus tuberculata (WODEHOUSE, 
l.c., p. 258) sometimes produces three or 
four-winged grains and some similarity is 
offered with them in the size. Other Abieti- 
nous genera which produce pollen grains with 
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various bladders are Pinus excelsa ( WODE- 
HOUSE, L.c., p. 26l); Cedrus ( WODEHOUSE, 
he. p26L ERprman, 4954, p: 0 00 and 
Abies balsamifera ( WODEHOUSE, l.c., p. 264 ). 
These, however, appear to be distinct in the 
form and ornamentation of the exine. 


Class — Aporosa Naum. 
Group — Trilobata Naum. 
Sub-group — Brachytrilistrium Naum. 


TYPE l 
a al, Ja NOS TR tee 72, & 


Size 50x54 u, spore probably three- 
winged, thin and translucent. Exine smooth. 
Wings (?) triangular, attached as vertical 
flaps to a longitudinal axis (Fic.  ॥9, 
TEXT-FiG. 2). Axis about 50 u long. Wings 
(?) 32-5 u at their broadest. Text-fig. 3 
shows a similar spore placed in a different 
view. This type is fairly common in the 
shale. 

Spores very similar in shape have been 
described under a new genus Triplano- 
sporites by Thomson and Pflug ( 4953, Pr. 3, 
Fics. 0-25) from the Tertiary rocks of 
Middle Europe. The spores figured by them 
show a distinct trilete mark on the longer 
polar axis (l.c., Fic. 4) and they consider 
the flap-like structures as characteristic folds. 
This may be true of the spores figured here 
but in none of my specimens a trilete mark 
is seen. 

These are described under Brachytrilis- 
trium, as Naumova (2) // कक आ  35 
figured a similar spore under this sub- 
group. 

Fossil spores similar in shape have also 
been recorded from the Bacchus Marsh 
Tillites of Victoria ( Australia) by D. D. 
Pant-al 0 Pi. 0; ,hiG.6 sabe xt Be; 
p. 72) and from Ganjra Nala, near Pali, 
South Rewa, Central India, by K. R. Mehta 
944) Pia HIG. 792702): 


Sub-group — Dolichotrilistrium Naum. 


Type क। 
Pl. i, Fig. 22 


Size 36X6 u, pollen ellipsoidal, probably 
trilobate, the elongated lobes placed at an 
angle to one another. Exine thin and 
smooth. Germinal aperture not visible. 

The spore in its shape and size resemble 
very much those of Triplanosporites pseuod- 


sinuosus Pflug, figured by Thomson and 
Pflug (lc, PES 3 0 2020 alte 
trilete mark is, however, not seen in any of 
my specimens. Fossil pollens, somewhat 
similar in shape and of lobed appearance, 
have also been recorded from the Jurassic 
rocks of Ceylon (Sau, 953, Pr. जा ०0७ 22; 
Pied BiG e572): 


Megaspores (?) 
Bl.22, Bigsas2a63 


From the figures and description given in 
Naumova’s classification (937) it appears 
that it extends only to the spores and pollen 
grains. The present megaspore-like bodies 
could be described under sub-group Trachy- 
triletes but owing to their distinctive nature 
they are treated separately. 

Size 320-528 u, body circular to oval 
in outline. Exine yellowish, thin and 
minutely spinose showing several folds. 
Trilete mark not visible. Arcuate ridges 
not conspicuous. 

The size and general nature of these bodies 
is highly suggestive of their being mega- 
spores. Megaspores from the Jurassic rocks 
of India have been recorded by Vishnu-Mittre 
(954). These are, however, distinct from 
the specimens described here in having reti- 
culate exine. From Triassic of Salt Range 
Sitholey (943) has recorded some mega- 
spores. Only a few mesozoic megaspores are 
known from other parts of the world, viz. 
Black ( 929 ), Dijkstra (948-49, 95), 
Fitting (907), Harris (॥93597 03/ Lund- 
blad (9406, |950 Miner (932), Murray 
(939), and Seward (93). None of the 
known megaspores are, however, comparable 
to the one figured here. 


Cuticular Fragments 
(9) BENNETTITALEAN 


Three distinct types belong to this group. 
All the types are rather poorly represented in 
the shale. 


TYPE | 
Di2, BigesAs Text-figs. 4, 5 


A single piece of cuticle representing this 
type was recovered. Cuticle thin, probably 
belonging to the lower part of the pinna. 
Epidermal cells hard to see, their outline 
being faintly marked, but at certain places 
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these appear to be sinuous ( TEXT-FIc. 5). 
Stomata distinct, fairly numerous, all orien- 
tated in the same (transverse) direction 
( TEXT-FIG. 4). Dorsal lamellae of the guard 
cells have a prominently cutinized area 
towards the pore. Aperture narrow, about 
I8 u long. Dorsal lamellae 40-44 u. in 
length. Each guard-cell has on its side a 
large subsidiary cell, 44x32 u in size ( Fic. 
34; TEXT-FIG. 5). Trichome bases or papil- 
lae scars not present. 

The cuticle is too fragmentary to determine 
its affinity but probably belongs to the 
Ptilophyllum-Otozamites group. Similar 
cuticles have been described from the Juras- 
sic rocks of Ceylon (San, 953, Pr. 3, Fics. 
6l-62; TEXT-FIGS. L-2, p. 8). 


TYPE 2 
PIN ARS SNS SESTEXE fas. 00077 


A few cuticles of this type have been 
obtained. All the cuticle pieces belong to 
only one surface of the pinna, probably 
lower, showing well-preserved stomata. 
Epidermal cells thin, more or less oblong, 
with sinuous walls but obscured by nume- 
rous thick-walled cuticular papillae. Scars 
of papilla circular, hollow and fairly large, 
about 25-36 u in diameter. Stomata 
fairly numerous, transversely orientated and 
present in two to three longitudinal rows, 
between the veins ( TEXT-FIG. 6). Guard- 
cells elongated, 40x ll u. Dorsal lamellae 
cutinized. Aperture narrow, about 2] u long. 
Subsidiary cells well developed, 40 x 8 u. 
(Fic. 35; TEXT-FIG. 7). 

This cuticle also appears to belong to 
Phlophyllum-Olozamites group. 


TYPE 3 
PIE 36) Lext=te. 3S 


Cuticle, probably of the lower pinna, 
showing slightly divergent veins, few of them 
forking (Fic. 36). Epidermal cells with 
sinuous walls; cell outline thin and hard to 
see, mostly obscured by numerous cuticular 
papillae. Stomata sparse, irregularly dis- 
tributed between the veins and completely 
hidden by the papilla scars ( TEXT-FIG. 8). 
Stomata transversely orientated. Guard- 
cells cutinized, elongated, about 28 0 u. 
Subsidiary cells rarely seen, about 28x I u. 
Papilla scars circular to oblong, small, 
usually about 209 u, and thickly cuti- 
nized. 


From the disposition of the veins it 
appears that this type probably belongs to 
the Otozamites group. 


(b) CONIFEROUS 


This group is characterized by two distinct 
types. Both the type of cuticle are abun- 
dantly represented in the shale, 


TYPE I 
Pl. 2, Figs. 39, 40; Text-fig. 9 


Fig. 49 shows the epidermis of both the 
lower and upper cuticles of a pinna. The 
upper cuticle is thinner than the lower. 
Cuticle amphistomatic. The epidermal cells 
of the upper cuticle are polygonal and thick- 
walled, nearly isodiametric at the centre but 
slightly elongated nearer the apex and 
margins. Stomata few, present only nearer 
the margins, and very similar to those of 
the lower cuticle. 

The epidermal cells of the lower cuticle are 
also thick-walled and polygonal in outline, 
nearly isodiametric but tending to be elon- 
gated between the stomatal rows. Stomata 
fairly numerous, arranged in regular longi- 
tudinal rows. They are regularly spaced in 
each row and separated from one another by 
the width of one stoma (TExtT-FIc. 9). 
Guard-cells sunken, aperture narrow, about 
2 (५ long, and orientated at right angles to 
the veins (Fic. 40). Subsidiary cells 5-6, 
inner walls sometimes projecting over the 
guard-cells in a slightly papillate outgrowth. 

The epidermal characters of the cuticle 
described above are closely comparable to 
those of Brachyphyllum expansum Sternb. 
figured by Sahni ( 928, Pr. 3, Fics. 36, 37) 
from the Karatau Mountains, Turkestan. 

It differs from the Indian form B. expan- 
sum (Sternb.) var. indica Sahni primarily 
in the arrangement of the stomata, which in 
the latter are few and scattered ( HOLDEN, 
020 00 PA Piese5-6; p22) 5 SAH 0022) 
Pr. 3; ies. 40-425 pps 2I, 22 }. 


TYPE 2 
Pl. 2, Figs. 37, 38; Text-fig. 0 


Cuticle of both the surfaces are fairly thick. 
They are amphistomatic (Fic. 37). Epi- 
dermal cells, very similar on both the 
surfaces, are thick and straight-walled, 
generally isodiametric, and arranged in 
longitudinal rows. Stomata almost evenly 
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TEXT-FIGS. 4-7 — 4, part of the lower cuticle ( Bennettitalean Type i) showing the distribution 


of the stomata. x 60. 


talean Type 2 enlarged. x 700. 


scattered but usually tend to form single 
longitudinal rows. The cells between the 
stomatal rows are often longitudinally elon- 
gated, but sometimes transversely elongated 
cells are also present. Cuticular papillae 
absent. Position of the veins not recognizable 
in the cuticle. Stomata haplochailic, usually 
amphicyclic. Subsidiary cells slightly smaller, 
usually six in number. Surface of the sub- 
sidiary cells thickened. Guard-cells elon- 
gated, about 40-46 u long, and cutinized. 
Aperture of the guard-cells irregularly orien- 
tated, about 25 y long, but vary considerably 
(2-32 x) and has a distinctly cutinized 
lining ( Text-Fic. 0 5 

The epidermal characters of the cuticle 
on the whole show a considerable resemblance 


5, astoma from the Bennettitalean cuticle Type | enlarged; also showing the 
bulged subsidiary cells and the sinuous epidermal cells. 
Bennettitalean Type 2 showing the distribution of the stomata. x 60. 


x 700. 6, part of the lower cuticle of 


7, lower cuticle of Bennetti- 


to those figured as Desmophyllum indicum 
by Sahni ( 928, Pr. 5, Fics. 62-63, pp. 00] 
from Hard river, Jabalpur, and with those of 
Podozamites lanceolatus (L. & H.), figured 
by Holden! (/9॥5 कक Hi ies 7, 0 आप 
223-224) also from the Jabalpur group. 
The upper and lower cuticles from the varie- 
gated shale are, however, equally thick and 
the stomata are also comparatively fewer 
in number. 


DISCUSSION AND COMPARISON 


The Jurassic rocks in this region are 
regarded as belonging to the middle and 
upper divisions while the Upper Triassic and 
early Jurassic rocks are supposed to be 
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TEXT-FIGS. 8-0 — 8, lower cuticle of Bennettitalean Type 3 enlarged. x 700. 


of Coniferous Type | enlarged. x 500. 


missing. The shale from which the micro- 
flora is described here comes from the lower- 
most part of the Salt Range Jurassic succes- 
sion. Plant megafossils described from this 
region show affınities with the Jabalpur 
group ( WaADIA, (939, p. 84). 

The plant groups presumably represented 
by the microflora are Pteridophyta, Cycado- 
phyta and the Coniferales. Pteridophytic 
spores are present in fairly large numbers 


9, lower cuticle 


l0, lower cuticle of Coniferous Type 2 enlarged. x 500. 


while the cuticles are entirely missing. 
Coniferous pollen grains, woody fragments 
and cuticles, especially the last named, are 
abundantly represented. Cycadophytic plant 
remains, so characteristic and prominent 
a group of the Rajmahal flora, is rather 
poorly represented. The evidence of the 
present microflora, especially the prepon- 
derance of coniferous cuticles of the Brachy- 
phyllum and Podozamites type, strongly 
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suggests a closer affınity with the Jabalpur 
series, and confirms the prevalent view of a 
middle Jurassic age for the variegated shale. 

Comparison with Andigama microflora — 
The microflora of the Andigama shale ( SAH, 
953 ) is characterized by the predominance 
of the Pteridophytic spores, Cycadophytic 
pollen grains, and Bennettitalean cuticles 
(Saunt & JANET, ]942, p. 2/9/७०४७४7, l.c.). 
Coniferales are rather poorly represented in 
spore as well as in cuticle contents. The 
Andigama flora as a whole suggests a closer 


affinity with the lower beds of the Rajmahal 
series than with the Jabalpur group. The 
present investigation suggests a younger age 
for the variegated shale than the Andigama 
beds. 
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EXPLANATION OF PLATES 


PLATE 4 
(AU photomicrographs X 500.— Specimen number 
6403 ) 


॥, 2. Leiotriletes. Exine laevigate. 

3, 4. Leiotriletes. Exine laevigate. 
minent ridge around the trilete. 

5. Leiotriletes. A small spore. 

6. Trachytriletes. Exine granular, wall promi- 
nent. 

7. Leiotriletes. 


Note pro- 


Exine laevigate, spore-coat thin. 
8. Leiotriletes. Trilete distinct. 
8a. Leiotriletes. Same spore as in Fig. 8 focussed 
to show the thick wall. 
9. Dictyotriletes. Exine reticulate. 
0. Leiotriletes. Spherical spore with smooth 


exine. 

il. Liratoaletes. See the narrow and parallel 
ridges. 

lia. Liratoaletes. Same spore as in Fig. (, 


but in a different focus, showing the ridges as well as 
the coarsely granular exine. 

॥02॥ 3 ही Leiotriletes. See the thickened inter-ray 
zone. 

i4. Leiotriletes. Exine laevigate. 

i5. Azonomonoletes. Spore elliptical, with a 
single longitudinal furrow. 

i6. Liratoaletes. Exine granular, ridges only at 
the lower end. 

i7. Hymenozonotriletes. One-winged spore. Note 
the free central body. 

i8. Striatoaletes. 
oblique, striations. 

9. Brachytrilistrium. 
flap-like structures. 

20. Lophotriletes. Exine with minute tubercles. 
Wall and trilete distinct. 

2l. Oedemosaccus. Two-winged pollen grain. 


Note the narrow, parallel to 


See the three radiating 


22. Dolicotrilistrium. Pollen with three elon- 
gated lobes. 

23. Leiotriletes. Exine laevigate. 

24. Trachytriletes. Spore spherical. 
and granular. 

25. Trachyaletes. Spore spherical. Exine granular. 

26. Trisaccus. Pollen with three wings. 

27. Stenozonotriletes. See the distinct spore wall 
and the equatorial flange. Exine granular. 

28. Lophotriletes. Tubercles blunt and rounded. 

29. Trachytriletes. Exine granular, trilete dis- 
tinct. 

30. Azonomonoletes. 
simple suture. 

3. Lophotriletes. 


cles. 


Exine thin 


Bilateral spores with a 


Spore with finger-like tuber- 


PLATE 2 
( Specimen number 6403 ) 


32. Megaspore-like body, spherical in outline with 
minutely spinose exine. x 80. 

33. Megaspore-like body very similar to that in 
Fig. 32 except for the smaller size. x 80. 

34. Bennettitalean cuticle Type { showing an 
enlarged stomata, with broad subsidiary cells. 
420: 

35. Bennettitalean cuticle Type 2 showing a 
stomata and the cuticular papillae. x 450. 

36. Bennettitalean cuticle Type 3 showing the 
divergent course of the veins. x 30. 

37. Coniferous cuticle Type 2 showing stomata 
on both the surfaces. x 80. 

38. Cuticle in Fig. 37 enlarged, to show the 
stomata. x 450. 

39. Coniferous cuticle Type I showing both the 
surfaces. x 80. 


40. Cuticle in Fig. 30 enlarged. x 450. 
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ON TWO NEW SPECIES OF SAMAROPSIS FROM THE SOUTH 
| REWA GONDWANA BASIN, CENTRAL INDIA 


SHIVDAYAL SAKSENA 
Darbar College, Rewa 


ABSTRACT 


Two new species of winged fossil seeds are des- 
cribed from the Ganjra Nalla locality in the South 
Rewa Gondwana basin, Central India. One of the 
species, represented by a single specimen, has two 
broad lateral wings one on either side of a round 
body, which has 8 proximal ridge and a distal beak. 
This species is named Samaropsis johillensis. 

There are three specimens of the other species 
which is characterized by an elliptical body, sur- 
rounded by two lateral wings, narrow at the proxi- 
mal end giving it a cordate shape. The wings 
increase markedly towards the distal end where 
they are separated by a wide gap. This species is 
named Samaropsis ganjrensis. 


INTRODUCTION 


collected by the author from the 
Ganjra Nalla (23°2’N). A thick 
band of carbonaceous shale is exposed in the 
nalla near its junction with the Johilla river, 
some l4 miles south-west of the Birsinghpur 


N LL the specimens described here were 


‘railway station ( 23°22’: 8]°4’ ), on the Katni- 


Bilaspur branch of Eastern Railway, which 
passes through the southern part of the Rewa 
State. The material consists of fine grained 
micaceous carbonaceous shale and sandstone 
deposited in alternate bands of various thick- 
ness. This deposit is situated just below the 
coal seam of the Johilla coalfield which is 
supposed to belong to the Barakar series 
(HUGHES, 88], p. 26; FEISTMANTEL, 88], 

4) 
डे In i earlier collections made from this 
very bed by T. W. H. Hughes and Hira Lal 
(SINOR, 923) Samaropsis has been described 
by Feistmantel ( 882), but it differs from 
the seeds described in this paper. 

The author is very much indebted to the 
late Professor Birbal Sahni, F.R.S., for his 
valuable suggestions, advice and guidance. 
He is also thankful to Dr. A. P. Mathur, 
Principal, Darbar College, Rewa, who helped 
him in obtaining study leave to carry on 
research at the University of Lucknow. 

Much of the carbonized portion of the im- 
pression of Samaropsis johillensis was des- 


troyed. This made the task of photography 
and sketching very difficult. The impres- 
sion along with a small portion of the rock 
material was, therefore, carefully detached 
from the main block, cleaned in xylol and 
photographed under xylol. A natural size 
photograph did not give very satisfactory 
result, but the enlargement brought out many 
of the details clearly. 


DESCRIPTION 
l. Samaropsis johillensis sp. nov. 


Diagnosis — Body  sub-oblate, _ elliptical 
with a short median ridge at its proximal 
end, and two conical beak-like projections at 
its distal end. Wings two, large, broad 
and spreading from the body and attached 
to it throughout its whole length, lateral 
and opposite, inclined at an angle of about 
60° to the axis of the body, edges round- 
ed. Vertical axis | cm., and total wing span 
2:3 cm. approximately. 

Locality — The junction of the Ganjra 
Nalla with the Johilla river, some [मै miles 
south-west of the Birsinghpur railway station. 

Horizon — Lower Gondwanas, below the 
Barakar coal seam. 

Holotype — R.S. /3, collected in the year 
936 and kept at the Institute of Palaeo- 
botany, Lucknow. 

The carbonized impression on the dark grey 
shale shows a sub-oblate, elliptical body with 
a proximal ridge-like continuation, two distal 
beak-like projections and two broad wings. 
Just near one end of the ridge, which also 
separates the two wings, is present a broadly 
V-shaped patch of carbonized matter. This 
most probably marks the point of attach- 
ment of the seed with the stem, and hence 
this side has been referred to as the proximal 
side of the seed. The entire outline of one 
wing is clear, but that of the other is incom- 
pletely preserved ( TEXT-FIGS. 2, 3 ). 

The body of the seed is about 9 mm. along 
the transverse axis and 7 mm. along the 
median axis. A short spine-like proximal 
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TEXT-FIGS. i-3 — , Samaropsis johillensis sp. nov., specimen R.S. /3 (enlarged). x 23. 2,5. johil- 


lensıs, specimen RS. M/S 


prolongation of the body forms the ridge, 
about I mm. long and 0-5 mm. broad. At 
the distal end there are two beak-like projec- 
tions which are conical in shape with their 
bases directed towards the body, and apices 
away from it. Each of these is about I mm. 
broad and 2 mm. long. There are no special 
marks noticeable on the body. 

The wings are attached to the body along 
its whole length, starting from the ridge at 
its proximal end and extending up to, and 
covering almost, half the length of the beaks. 
As only one wing is complete in the impres- 
sion, measurements of that wing alone are 
given here. The single wing-span, that is 
the distance between the median axis of the 
seed and the distal margin of the wing, is 
about Il-5 mm. Thus considering the other 
wing equal to the one which is complete, the 
total wing-span comes to about 23 mm., 
while the total median vertical length of the 
seed is l0:0 mm. approximately. Wing- 
spread ( TEXT-FIG. 4), the longest distance 
between the distal end of a wing and the 
body, is about 8mm. The wings are inclined 
towards the distal end at an angle of about 
60°. Wing-breadth is 0-0 mm. The com- 
plete wing shows numerous faint striations 
extending outwards from the edge of the 
seed in a gentle curve towards the outer 
margin of the wing ( TEXT-FIG. Î ). 


2. Samaropsis ganjrensis sp. nov. 


Diagnosis — Seeds subprolate, elliptical 
with two wings attached all round the body, 
except at the distal end. Free ends of the 
wings rounded, equal or unequal. Wings 
broader at the distal than at the proximal end 
Median axis l-2 cm. and transverse axis 
l-0 cm. approximately. 


3, S. johillensis a camera lucida sketch, specimen R.S. /3. x . 


Locality — The junction of the Ganjra 
Nalla with the Johilla river, some l4 miles 
south-west of the Birsinghpur railway station. 

Horizon — Lower Gondwanas, below the 
Barakar coal seam. 

Holotype — R.S. /29 (specimen | ), col- 
lected in 944, and two paratypes R.S. /37 
( specimen 2 ) collected in 946, and R.S. /3 
(specimen 3 ), collected in 936 respectively 
by the author, and kept at the Birbal Sahni 
Institute of Palaeobotany, Lucknow. 

Three specimens of this species have 
been discovered in the collections. One 
of these shows the structure very clearly - 
(specimen | - TEXT-FIGS. 5-7), the other 
two are much worn out and show only 


TEXT-FIG. 4 — Samaropsis johillensis sp. nov. 
An outline diagram of the seed to explain the ter- 
minology used in the description. P, proximal end; 
D, distal end; PD, median vertical axis; a, mark of 
attachment; b, ridge; c, body; w, wing; e, beak; 
f, wing spread; 8, wing breadth; hh’, total wing 
span, T, transverse axis of the body. x 23. 
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TEXT-FIGS. 5-] — 5, Samaropsis ganjrensis sp. nov. ( enlarged) specimen R.S. ]/29 ( seed specimen 


He): x 3, 
rensis sp. nov. specimen R.S. /29. x 4. 
mene 2), << ir 
| 0, S. ganjrensis sp. nov. specimen R.S. /37. 
हि TUBE 


the general outline (TEXxT-FIGs. 8-I]). 
Only two of the three specimens have been 
photographed ( TEXT-FIGs. 7, 8 ). 

The seed ( specimen | ) is I-2 cm. long and 
l cm. broad. It is slightly narrowed down 
at the proximal end which is cordate; from 
here a narrow longitudinal line extends 
towards the distal end, dividing the body 
into unequal halves. The body has an ellip- 
tical outline with a dark outer layer (? a 
sclerotesta ) which seems to be markedly 
thickened towards the distal end ( TEXT- 
FIG. 5). Only one of the two wings is com- 
pletely preserved ( left-hand side of the seed 
in TEXT-FIG. 5); at the proximal end the 
two wings are narrow and meet in the 
median line so as to form a cordate outline. 
Towards the distal end each wing increases 
markedly in width, and has a broadly round- 
ed margin; at this end the two wings are 
separated by a broad gap. The other two 
specimens resemble specimen one in general 
outline and shape, that is the general construc- 
tion of the body and the wings is the same. 


DISCUSSION 


Samaropsis is a large genus with a wide 
geological range. Specimens which furnish 
no anatomical data, and show clear samara- 
type wings have been included under this 
generic name ( SEWARD, 97,p.333). They 
are supposed to be the seeds of Cordaitean 
plants and are included in the Cardiocarpales. 

Several species of Samaropsis are described 
from the Lower Gondwanas of India. The 


6, S. ganjrensis sp. nov. specimen R.S. /29. 
8, S. ganjrensis sp. nov. specimen R.S. {/37 (seed speci- 
9, S. ganjrensis sp. nov. specimen R.S. /37. £ 
Enlarged. x 34. 
Camera lucida sketch (seed specimen 3) 


9 II 


An outline sketch of Fig. 7. x {.7, S. ganj- 


An outline sketch of Fig. 8. de 
ll, S. ganjrensis sp. nov. specimen 


Wa 
“ws 


occurrence of Samaropsis in the Ganjra Nalla 
locality in the South Rewa Gondwana basin 
was reported by Feistmantel ( 882) from a 
collection made by T. W. H. Hughes during 
his survey of South Rewa coalfields ( HUGHES, 
880; Sınor, 923 ). 

Samaropsis johillensis sp. nov. described in 
this paper differs in shape and size from all 
the seeds recorded so far from the Palaeozoic 
strata. 

Its body is much broader along the trans- 
verse axis than along the vertical. This 
character is met with only in the Samaropsis 
species described by Feistmantel ( 882, 
Pr. XI, Fic. 7); but in this specimen the body 
is much smaller in size and the wings expand 
almost equally all round the body. They 
do not show such a remarkable development 
in transverse extent as is seen in our species. 
Feistmantel’s specimen has neither the beaks 
nor a proximal ridge. 

Another seed to which this seed can be 
conveniently compared is Samaropsis pin- 
combei ( WALKOM, 928) from the Upper 
Coal Measures of the New Castle district, 
Australia. S. pincombei, though slightly 
bigger than the Indian species S. johillensis, 
shows some striking points of resemblance. 
It has a proximal ridge, two distal beak-like 
projections and two large lateral wings with 
striations similar to those of S. johillensts. 
However, it differs in the general shape of the 
body and in the inclination of the wings. 
The beak in S. fincombei is blunt and diverg- 
ing, while that in S. johillensis is conical, 
converging and pointed. 
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No other seed except S. pincomber Walkom 
and S. pitcairniae ( ZEILLER, 900 ), shows so 
much lateral growth of the wings as is found 
in S. johillensis sp. nov. But S. pitcairniae 
differs from our species in other characters. 

Samaropsis ganjrensis sp. nov. is also quite 
different from all the other Indian species. 
It shows a certain degree of similarity with 
S. ovalis figured by Walkom (935). This is 
also comparable partly with S. emarginata and 


partly with S. barcellosa (WuuitTE, 908 ) 
The distal rounded lobes of the wings are 
much like those of S. emarginata, but it 
resembles S. barcellosa in the general shape 
and size of the body and the wings. As the 
seeds of this species cannot be compared in 
full to any of the seeds, it is safer to assign 
them to a distinct species. This species is 
named Samaropsis ganjrensis after the locality 
from where the seeds have been collected. 
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ORIENTATION OF QUARTZ GRAINS IN SOME INDIAN 
SILICIFIED WOODS 


je 


SEN 


Botanical Laboratory, University College of Science, Calcutta 


ABSTRACT 


The quartz fabric of some underformed Indian 
silicified woods has been studied. All the fabric 
diagrams show girdles — preferred orientation — 
girdling round the longitudinal axis of the tree 
trunks. The diagrams are of growth fabric deter- 
mined by the anisotropy of the wood itself. The 
main principle involved is that the symmetry of the 
original wood structure should be preserved in the 
symmetry of the dimensional and the lattice patterns 
of the quartz fabric. 

The dissolved silicates enter the original wood 
through pore solution. They possibly crystallize 
by some sort of ‘mimetic’ crystallization. 


INTRODUCTION 


T has been found by applying the X-ray 
I diffraction technique ( Mirra & SEN ) 
that quartz is the dominant mineral in 
the silicified wood of Dadoxylon sp. In two 
other silicified species of wood also quartz 
appears to be similarly predominant. Since 
the ‘orientation of individual elements forms 
the final court of appeal in a fabric! investiga- 
tion’, and as quartz is by far the most pre- 
dominant mineral in petrified woods under 
investigation, the orientation of quartz grains 
in such specimens has been considered. 

The idea of employing this technique 
following the universal stage procedure, 
which has never been applied for studying 
palaeobotanical material, is to explore in a 
general way the possibility of the survival of 
original organic texture in petrified wood. 
The nature of texture in ancient buried wood 
and coal have been demonstrated and dis- 
cussed in two other papers of this series 
MEN, 009 00 & Basar, ॥935 ). The 
following brief account is an attempt to study 
the orientation patterns in petrified wood 
with reference to the usual textural patterns 
in typical normal recent secondary wood, 
with a view to finding out whether the orien- 
tation patterns in petrified wood are control- 
led by pre-existing patterns ( which exist in 


i. Fabric refers to the ‘shape and arrangement 
of the crystalline and non-crystalline parts of a 
structure’. 


original organic wood). This necessitates 
the petrofabric analysis of quartz orientation 
in petrified wood. 

It is necessary to justify the employment 
of the universal stage procedure for studying 
the mineral orientation in petrified wood in 
preference to the X-ray diffraction method. 
Perhaps the principal object in view has been 
to introduce the use of inexpensive universal 
stage in such studies, so that the palaeo- 
botanists may be in advantageous position of 
readily interpreting the nature of the objects 
of study in their fossil material. 


PREVIOUS WORKS ON PETROFABRIC 
ANALYSIS OF PALAEONTOLOGICAL 
MATERIAL 


The fabric analysis has previously been 
employed to study the nature of deformed 
fossils, and the literature on the mineral 
orientation of composite elements in variously 
distorted animal fossils has been reviewed by 
Fairbairn (949). Similar and other cases 
have also been cited by Cloos ( 949). The 
study of such fossils of composite elements of 
premetamorphic origin resulted in interest- 
ing conclusions specially with reference to 
the problems of elongation (SHARPE, 847; 
HAUGHTON, 856; SANDER, 930; LADURNER, 
933; BILLINGS & SHARP, 937 ). 

The quartz orientation of only one palaeo- 
botanical material, a sample of Araucari- 
oxylon schroellianus Goepp. from Chrzanow 
in Poland, has so far been studied by Turnau- 
Morawska and Jahn ( 954). These authors 
prepared fabric diagrams without using a 
Fedrow or universal stage. 


MATERIAL AND METHODS 


The material consists of some species of 
Indian? silicified woods, none of which were 
found in situ. They are (l) Dadoxylon sp., 
with no organic substance preserved, and 
original cellular structure greatly destroyed 


2. The word ‘ Indian’ is used here in a generalized 
sense denoting the Indian Subcontinent. 


77 


78 THE PALAEOBOTANIST 


TEXT-FIG.  — Quartz fabric in a transverse section of the peripheral zone of Dadoxylon sp. Contour 


interval 0-0:5-5. 


from Telimucha (near Mohuda ), Ranigunj 
Stage ( Permian, Lower Gondwana ), India; 
(2) Glutoxylon sp., with organic substances 
persistent in the cell walls, and original 
cellular structure preserved nicely; from 
Mainamati Hills, East Pakistan ( Tertiary ), 
and (3) an undetermined species of dicotyledo- 
nous silicified wood, with traces of organic 
substances persistent in the cell walls, and 
original cellular structure preserved to some 
extent from Garbetta, West Bengal (age 
not known ), India. 

The specimens were strewn in open fields 
or under superficial deposits, and are not 
related to any larger structural feature. 
Therefore, there has been no occasion for col- 
lecting specially orientated samples in the field. 

Thin sections of silicified wood were pre- 
pared transverse to the axis of the fossil. The 
axes a, b and c, at right angles to each other, 
were chosen for reference of fabric symmetry 
in space as shown in the fabric diagrams 


( TEXT-FIGS. -4). The fabric has been 
studied by keeping the slide strictly parallel. 
With the help of the improved 5 axis 
( EMMONS ) universal stage, the orientation 
of the optic axes of the quartz grains with 
respect to the thin sections have been accu- 
rately determined. The poles of the optic 
axes have been plotted on a Schmidt’s net, 
and ultimately converted into contour 
diagrams, following the conventional proce- 
dure. 


OBSERVATIONS AND INTERPRETATION 


The transverse sections of the trunk of 
Dadoxylon sp. have been prepared from a 
small portion of the periphery (along a 
growth ring) as shown ( TEXT-FIG. Î). 
Similar preparations from other peripheral 
zones do not give additonal information; and 
composite diagram out of all the data cannot 
be prepared for a fuller picture the one dia- 
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TEXT-FIG. 2 — Quartz fabric in a transverse section of the peripheral zone of Glutoxylon sp. Contour 


| interval 0-5-0. 


| gram, because all the diagrams show similar 
| girdles. Hence a representative diagram 
has been presented (Text-Fic. I). The 
_ transverse sections of Glutoxylon sp. and 
those of the unidentified dicotyledonous 
_ wood have also been prepared from the peri- 
phery of the samples. In these cases also 
the diagrams ( TEXT-FIGs. 2-4) show similar 
girdles (or like appearance ). They suggest 
the possibility of the flow directions of the 
_ mineral solution travelling more or less cen- 
tripetally from the periphery of the wood sam- 
ples. This can be reasonably expected. 
Both the diagrams of Dadoxylon sp. and 
Glutoxylon sp. ( TEXT-FIGs. l, 2) show girdle 
diagrams within which the poles of the mea- 
sured optical axes are variously concentrated, 
with a few negligible exceptions, and exhibit- 
ing preferred orientations. In one of the 
samples of the fossil wood ( TEXT-FIG. 4) 
from Garbetta the girdle is relatively less 
complete. The girdles are of c axes of quartz, 


the girdle axes being parallel to the long axes 
of the fossil trunks. Such a pattern could 
possibly develop if fibres of quartz elongated 
at right angle to the c axes crystallized 
parallel to the length of the stem. This type 
of crystal elongation is known in the quartz 
of veins and of other growth fabrics. The 
c axes of quartz are normal to the long axes 
of the cells. 

It may be suggested that the orientation is 
restricted to the plane ( of the girdle ) trans- 
verse to the long axes of the cells. Since no 
such planes exist (in the sense of bedding 
plane ), and that the girdle is usually found 
at every point on the transverse plane, there 
is a greater possibility that the orientation 
has been controlled by a pre-existing spatial 
structural organization of the cells in the 
original wood. The fabric thus obtained is a 
growth fabric, determined by the anisotropy 
of the wood itself. The main principle 
involved is that the symmetry of the original 
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TEXT-FIG. 3 — Quartz fabric in a transverse section of the peripheral zone of an unidentified 


dicotyledonous wood. Contour interval 0-]-2 above. 


wood structure should be preserved in the 
symmetry of the dimensional and the lattice 
patterns of the quartz fabric. 

The cases, as the foregoing, clearly demon- 
strate that a new assemblage of inorganic 
substances (i.e. quartz as petrifying minerals ) 
and possibly a new fabric have completely or 
partly replaced the structural organization 
in the original wood; but the general nature 
of fabric patterns in both (i.e. original wood 
and petrified wood ) is preferred, the latter 
formed pattern being influenced by the pre- 
existing pattern. 

In this connection it should be mentioned 
that a significant nature of arrangement of 
quartz grains has been found in a silicified 
trunk of Araucarioxylon schroellianus by 
Turnau-Morawska and Jahn ( 954). About 
90 per cent of the quartz grains are generally 
elongated in the direction of the long axis of 
the tracheids, whereas in the zone of medul- 
lary rays they are flattened in the same direc- 
tion. The orientation of the quartz grains 


Max. 4 per cent. 


in this material are in conformity with the 
general nature of orientation of the structural 
units (i.e. cellulose micelles ) in the original 
wood. In both the cases the structural 
units (i.e. quartz grains and cellulose 
micelles ) are arranged in the same direction 
(in a very general way) with reference to 
the long axis of the cells. The original tex- 
ture of the wood has thus been generally 
preserved in the texture of the silicified wood. 

The crystallization of the dissolved sili- 
cates which have entered the wood through 
pore solution is obviously an interesting 
phenomenon. Possibly some sort of effective 
‘mimetic’ crystallization is responsible for 
the types of inherited orientation present in 
the silicified wood as discussed in this paper. 
It has been concluded by Turnau-Morawska 
and Jahn (loc.cit.) that during crystallization 
of silica in the organic cells some phenomena 
of deformation in the crystalline lattice may 
occur, which appears in the strain shadows 
of quartz grains. These authors hold that 
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the resistance of the cell membrane produces 
stresses and strains, the result of which is a 
preferred optic orientation of quartz grains 
similar to that appearing in crystalline schists. 

The mechanism of petrifaction of plant 
tissues has been described as a case of meta- 
somatic replacement (BaTEMAN, 950 ). 
Accordingly the metasomes need not have a 
common ion with the original wood. It has 
been said that the “replacing minerals are 
carried in solution and the replaced sub- 
stances are carried away in solution, it is an 
open circuit, not a closed one.... Conse- 
quently, the shape, size, structure, and texture 
may be faithfully preserved in the replacing 
substance... even below the visible magni- 
fications of the microscope.” Although the 
hypothesis of complete replacement is now 
out of date ( ARNOLD, 942, 947), yet the 
fact remains that the original organic texture 


iD 
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often survives in a general way. It is still a 
wonder how the general pattern of fine tex- 
ture of wood is preserved at least in some 
petrifactions even after the original structural 
units (i.e. cellulose micelles ), which form the 
texture in the original wood, are usually 
destroyed. 

Arnold’s (loc. cit.) suggestion regarding 
infiltration of wood by minerals as a result of 
which the silicification of wood is effected 
has been elaborated in an analogy put for- 
ward by Turnau-Morawska and Jahn ( 954). 
According to these authors the quartz grains 
in the transverse sections of Araucarioxylon 
schroellianus in optical behaviour, appears to 
be similar to those of sandstone-quartzite 
where the grains are enlarged by secondary 
growth. It has been suggested that the 
‘““ phenomenon of the secondary enlargement 
of quartz grains was an analogous process in 
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TEXT-FIG. 4 — Quartz fabric in a transverse section of the peripheral zone opposite to the sample 


in the Fig. 3. Contour interval 0-]-2-3 per cent. 


Max. concentration 4 per cent. 
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case of the silicification of the plant and in 
the diagenesis of sandstones, where silica was 
infiltrated in place of an older cement of 
different chemical nature or filled the pores 
between the grains’. The situation no doubt 
deserves closer examination. Some experi- 
ments on the mechanism of silicification are 
now being conducted by the present author, 
which will be published later on. 
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STUDIES IN THE GLOSSOPTERIS FLORA OF INDIA 
2. EQUISETALES FROM THE RANIGANJ COALFIELD 


K. R. SURANGE 
Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


The rhizome and vascular system of an equiseta- 
ceous stem is described. Some specimens of 
Phyllotheca indica are described showing the range 
in size and form in the species. A fuller description 
of Phyllotheca Griesbachi is given. 


INTRODUCTION 


N the Glossopteris flora of the southern 
I hemisphere Equisetales is represented 

by two genera, Schizoneura and Phyllo- 
theca, as against Calamites and allied genera 
in the northern hemisphere. Our knowledge 
regarding the southern genera is, however, 
far from complete. In India Phyllotheca and 
Schizoneura occur mostly as impressions on 
soft, argillaceous shales. In the Raniganj 
coalfield no compressions were found so far 
on carbonaceous shales. 

Of the two genera, Schizoneura was more 
restricted and almost confined to India 
during the Permo-carboniferous period. It 
is regarded as essentially of Indian origin 
(ARBER, 905). Nothing more than its 
leafy branches and a doubtfully referred cone 
( ETHERIDGE, 903 ) is known. 

On the other hand, Phyllotheca is more 
abundant and better known, especially from 
Australia. Arber thought that Phyllotheca 
originated first in Australia and later on 
spread to different countries ( 905, p. xxiii ). 

Arber recognized seven species of Phyllo- 
theca. Phyliotheca Sahnii, a new species, has 
recently been added by Saksena ( 952, 
9. 409). So far only four species are report- 
ed from India. Phyllotheca indica Bunbury, 
discovered from the Raniganj stage, is im- 
perfectly known. It is very similar to 
Phyllotheca australis and, according to Seward 
( 2898, 9. 288 ), it is practically impossible to 
distinguish the Indian species from the 
Australian species. Since the time Bunbury 
described several imperfect specimens from 
the Nagpur district under this name, nothing 
materially has been added to our knowledge 
of this species. 
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Phyllotheca Griesbachi, described by Zeiller 
(902), is based upon a single specimen 
from the Barakar stage of the South Rewa 
Gondwana basin. This species offers some 
comparison with Phyllotheca Etheridgei from 
Australia. 

Phyllotheca robusta Feistmantel is an im- 
perfectly known species. Only a few speci- 
mens were obtained from Dudrajpur ( Dub- 
rajpur ? ) in the Rajmahal Hills, Bihar, and 
since then recorded by Walkom from Aus- 
tralia also. This species resembles closely 
Phyllotheca Stschurowskii (SCHMALHAUSEN, 
(379) 0) 0) 

Saksena (952, p. 409) described Phyllo- 
theca Sahnit from the South Rewa Gondwana 
basin. He also described cuticular structure 
of P. Etheridgei and compared it with LP. 
Sahni. Later he attempted a reconstruction 
of P. Sahni and P. Etheridgei ( SAKSENA, 
954, p. 5l). Phyllotheca Sahnii appears to 
be very similar to P. Griesbachi which has 
been reported from the same area. 

It must be said that in the absence of 
fructifications, it becomes difficult to delimit 
the species of Phyllotheca, especially when 
there is no great variation in the external 
morphology of the vegetative shoots. The 
species are distinguished mainly on the form 
of the leaf sheaths and the free leaf segments. 
In the impressions of Phyllotheca, which are 
mostly obtained as fragmentary fossils, it 
becomes very difficult to observe these dis- 
tinguishing features. 

The plants described in this paper belong 
to the Raniganj stage and were collected 
from the East Raniganj coalfield by a party 
led by the late Dr. P. N. Srivastava, under 
whose able guidance and inspiration such 
valuable collection could be made. 


DESCRIPTION 


l. Stems 


A large number of leafless stem impressions 
are found on shales bearing leaf impressions of 
Phyllotheca and Schizoneura. Many of these 
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are obviously pith casts with longitudinal 
ribs and grooves continuous at the nodes. 
Such casts have been assigned by various 
authors in the past to either Phyllotheca or 
Schizoneura. However, it is extremely diffi- 
cult, as has been already pointed out by 
Seward (898), to find any distinguishing 
features in these casts, on the basis of which 
they could be assigned to either of the two 
genera. Some of the pith casts in our 
material are 3-4 cm. broad with prominent, 
broad ribs and somewhat narrow grooves. 
Such pith casts are assigned usually to the 
Siberian species, Phyllotheca deliquescence. 
However, I am not sure about this assign- 
ment. No leaf sheath of P. deliquescence has 
so far been found in India. 


Equisetalean stems are branched. Fig. 4 
shows a branched stem, 30 cm. long and | cm. 
broad, with nodes at a distance of 2-5 to 
3-5 cm. Nodes are slightly swollen and the 
longitudinally running lines (ribs ) are con- 
tinuous. The stem shows two branches, one 
at the fourth and the other at the eighth node 
from below. The branches are small, 0-5 cm. 
in breadth, and curved. 

Vascular System — In one rather unusual 
stem impression, shown in Figs. 2 and 3, it 
appears that the vascular bundles have left 
their marks which indicate their course 
through the stem. 

The stem is about 3 cm. long and l'2 cm. 
broad in the internodal region. The node is 
slightly raised and shows a chain of small 
scars extending beyond the impression of the 
stem on its either side. The bundles run 
straight in the internodal region, occasionally 
fusing with one another (is it due to dis- 
placement of vascular bundles by pressure 
during fossilization ? ). Just below the next 
node each bundle forks into two. Each fork 
does not fuse with the alternate bundle, as is 
the case in Equisetum and some species of 
Calamites, but in this case vascular system 
at the node appears to be more complex 
(Pie by, ac): 

Text-fig. l shows a simplified arrangement 
of bundles at the node. Bundle 2a in the 
internode below is formed from the fusion of 
one fork each from bundles | and 3 in the 
above internode. The bundle in the next 
node which seems to be running in the same 
line and appears to be a continuation of the 
corresponding bundle in the above internode, 
is formed from the fusion of two branches, 
each branch given out from the alternating 
bundles in the above internode. 


Ox 


bal Sal. 4al Jalvaita 


Text-Fic. | — Simplified diagram of vascular 
system of the equisetaceous stem. 


This arrangement of bundles shows varia- 
tion in the same node. One internodal 
bundle may be formed from three ( instead of 
two) branches given out by three bundles. 
Sometimes the fork may pass over a few 
bundles before joining with some other 
bundle. Mostly the arrangement of bundles 
at the nodes as described above holds good. 

It is not known from where the leaf traces 
arose, or to what genus this stem belongs, 
Phyllotheca is found in association with this 
stem and probably it may belong to this 
genus. 


2. Rhizome ( Phyllotheca? ) 


Pl. l, Fig. 4, shows an impression of a 
rhizome of some equisetaceous plant possess- 
ing nodes and internodes. It is often found 
branched and the branches run in various 
directions. It does not show characteristic 
ridges and grooves as in the stems of Phyllo- 
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theca or Schizoneura, but instead short longi- 
tudinal lines are seen, which perhaps represent 
the impressions of the stelar part of the 
rhizome. The rhizome gives rise to the 
typically equisetaceous stems at the nodes 
RPE 2, Fics 6 ): 

The biggest specimen measures l4 cm. 
in length, :5 to 2 cm. in breadth with 
nine nodes at a distance of about Î:5 cm. 
From the nodes are given out long, sometimes 
branching ( Pr. 2, Fic. 6 ), cylindrical organs 
which, I think, are the adventitious roots. 
The adventitious roots are about I-3 mm. 
wide, sometimes showing a black line in the 
middle which perhaps represent their stele. 
One root was traced for 9 cm. The roots 
branch repeatedly, almost by dichotomy 
until they become thin and hair-like. 

Usually the rhizomes are found lying ob- 
liquely in the shales; but some specimens 
are transversely fractured, showing three 
separate regions which can only be inter- 
preted as the cortex, stele and the pith. 
Such impressions show the structure of the 
rhizome as would be seen in a transverse 
section. 

The rhizome appears to possess a pith, 
perhaps hollow, with a ring of stele round the 
pith. In one impression the stelar ring shows 
radiating lines at regular intervals, possibly 
representing the impressions left behind by 
medullary rays. If it is so, then the stele 
must have consisted of secondary xylem 
wood with medullary rays as in the stem of 
Calamites. Cortex appears to be wide. 

These rhizomes have been found to pro- 
duce equisetaceous stems at the nodes. 
Pl. 2, Fig. 6, shows a rhizome which has given 
out a young stem, 3 cm. long and with a 
conical apex which must have enclosed the 
growing point. The young stem possesses 
nodes and internodes with typical longitudi- 
nal lines of a ribbed stem. The lower inter- 
nodes are expanded but the conical tip region 
shows a number of nodes which have not yet 
lengthened. Such specimens ciearly show 
that the specimens under discussion are the 
rhizomes of some equisetaceous plant, most 
probably of Phyllotheca. 

Feistmantel (880, Pıs. VIIIA, IXA, 
Fics. 4, 5, 6) recorded such impressions 
from Karharbari and Raniganj stages but he 
considered them as leaf-bearing stems. He 
compared them with Schizoneura gondwa- 
nensis. Obviously Feistmantel regarded 
the long cylindrical organs coming out from 
the nodes as leaves and not roots, From 


the above evidence, however, it will be seen 
that this interpretation is not correct. The 
impression shows branching which is like 
that of a rhizome, and produces roots and 
aerial stems at the nodes. 

To what genus these rhizomes belong, it 
is difficult to say at present. Feistmantel 
was inclined to put them under Schizoneura 
gondwanensis (as leaf-bearing stems ) on the 
evidence of association. However, I have 
found them equally well represented on the 
shales bearing Phyllotheca leaf impressions. 
I am inclined to believe that the rhizomes 
belong to Phyllotheca. In any case, it is 
obvious that at least one equisetaceous 
southern genus possessed rhizomes which 
produced roots and aerial stems showing 
similar habit as in the living Equisetum. 


3. Phyllotheca indica Bunbury 


Except for description and some figures 
of incomplete specimens given by Bunbury 
and Feistmantel, nothing more is known 
about this species. Some of the specimens 
are, therefore, described below to give an 
idea about the range in size and form and 
habit of the species. 

Pl. 2, Fig. 7, shows two detached, small, 
star-shaped leaf sheaths which appear to be 
young leaf sheaths of Phyllotheca indica. 
A few similar leaf sheaths are present on the 
same piece of shale. The leaf sheath, about 
3 mm. in diameter, is in the form of a very 
shallow cup, 0:00 to 2 mm. in diameter, 
slightly becoming narrow downwards where 
it clasped the stem which must have been 
less than 2 mm. in breadth. The rim of the 
cup is flattened horizontally from where 
9-]2 free leaf segments radiate out. In- 
dividual leaf segments are linear, straight, 
tapering very gradually towards the apex. 
They are about l-5 cm. in length and | mm. 
in breadth at the base with a midrib in the 
middle in each leaf segment. 

The characters of the leaf sheaths are 
similar to those of Phyllotheca indica, except 
for the size which is not very important. 
These may have been borne on a young stem 
or on the finer branches of the stems. The 
leaf sheaths bear a striking resemblance to 
the star-shaped leaf sheaths of Phyllotheca 
australis, figured by Arber (905, Pr. II, 
Fıcs. 7,8). These specimens further streng- 
then the similarity between Phyllotheca 
indica and Phyllotheca australis, already 
pointed out by Seward and other workers. 
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The cuticle will be able to decide this point, 
but until the availability of suitable material 
for such study the two species might best be 
kept separate. 

Fig. 8 shows very well-preserved impres- 
sions of two leaf sheaths of Phyllotheca indıca 
in lateral view. The stem bearing the leaf- 
sheaths is not fully preserved. It is 0-7 cm. 
in breadth and the two nodes are at a distance 
of I cm. The internodes are longitudinally 
striated. 

The leaf sheath forms a shallow cup, 
about 3 mm. in length, and expanding up- 
wards. Free leaf segments are long, narrow, 
about 3 cm. in length, and with prominent 
midribs which are clearly seen descending 
down into the sheath and then into the stem. 
The free leaf segments first go up straight and 
then are reflexed. Maximum number of free 
segments counted is 9. The total number 
might be about 24. 

Fig. 9 shows a slender plant, about 22 cm. 
in length and 0-7 cm. (at the node) to 0-5 
cm. in breadth. It shows about 20 to 22 
nodes at a distance of less than I cm. The 
leaves are not fully preserved. Near by two 
similar plants are lying on the shale which 
might have been the branches of the same 
plant. The free leaf segments are long and 
reflexed. 

The plant does not appear to be strong 
enough to support its own weight, and might 
have taken support on the vegetation growing 
near by. 

Figs. 46 and 47 show leafsheaths which 
appear to be thick and leathery. The stem 
possesses small longitudinal grooves placed 
distantly. Free leaf segments are long, linear 
with prominent midribs. The number of 
free segments do not appear to be more 
than 24. This plant may also belong to 
Phyllotheca indica. 


4. Phyllotheca Griesbachi Zeiller 


This species appears to be stouter and 
larger in size than Phyllotheca indica. Usually 
a number of stems are found lying side by 
side on the shales. It may be accidental; 
or this plant is much branched and all the 
branches preserved on a single shale indicate 
secondary and further branches of a single 
plant. Zeiller (902) found similar case in 
Phyllotheca Griesbacht which was discovered 
from South Rewa Gondwana basin. 

The piece of shale from which Fig. 5 has 
been photographed contains five stems which 


perhaps represent branches of different order. 
The biggest stem is i:5 cm. in breadth and 
shows eleven nodes placed at a distance of 
Itol:3cm. It possesses faint, very narrow, 
longitudinally running grooves placed rather 
distantly. Leaf sheaths are partially pre- 
served. 

The other stem, seen on the left in Fig. 5, 
appears to be younger, about Î cm. in 
breadth with nodes placed at a distance of 
-3 cm. Leaf sheaths and the free leaf 
segments are again partially preserved. They 
appear to be firm, long, linear and | mm. 
wide. 

The third stem on the right side in Fig. 5 
is still younger and shows apical portion of 
the branch. It is 0-8 cm. in diameter taper- 
ing gradually above. Sixteen nodes could be 
counted, each less than | cm. apart, but the 
distance diminishes progressively upwards, 
until in the last 4 cm. of the stem the nodes 
and internodes could not be distinguished 
clearly. Leaf sheaths are not clearly seen. 
Free leaf segments are numerous, slender, 
linear and almost cover the stem completely. 
This may be due to the fact that the inter- 
nodes in this region had not completely 
lengthened, with the result that the free 
segments of the leaf sheaths overlapped one 
another. 

Figs. 2-]5 show some of the detached 
leaf sheaths. Fig. 4 shows a complete leaf 
sheath containing 36 free segments. The 
leaf sheath is in the form of a horizontally 
spreading disc, I-3 cm. in diameter, showing 
depression in the middle where it must have 
clasped the stem. The free segments are 
spread out horizontally and are held straight. 

Figs. 2, 3 and 5 show clearly the flat 
or slightly hollow nature of the leaf sheaths 
and their long free segments which are 3 cm. 
or more in length. The free segments appear 
to be stouter and, therefore, capable of holding 
themselves straight and not reflexed as in 
Phyllotheca indica. The number of free 
segments is between 28 and 36. It appears 
that the free leaf segments in Phyllotheca 
species are in multiples of three. By the 
number of isolated leaf sheaths frequently 
met with, it appears that almost complete 
leaf sheaths fell off from the stems. : 

Comparison — This plant is almost identical | 
with Phyllotheca Griesbachi, described by 
Zeiller (902) from Baraker stage in the 
South Rewa basin and of which only a single 
specimen is known. However, the speci- 
mens described here are obtained from the 
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younger horizon, the Raniganj stage in the 
Raniganj coalfield. Both the plants have 
numerous leaves, 2 to 3 cm. long, united at 
the base to form a sheath, expanding into 
an almost horizontal disc. The length of 
the sheath in the Raniganj specimens is less 
than i cm., but I do not think this feature 
alone will justify their exclusion from P. 
Griesbachi described from South Rewa Gond- 
wana basin. On the other hand, it appears 
that Phyllotheca Sahnii (SAKSENA, I952) 
may be 8 very nearly allied, if not identical, 
species to P. Griesbachi. Cuticular evidence 
will, however, decide this point. 

From Phyllotheca indica, P. Griesbachi 
differs in possessing leaf sheath in the form 
of horizontal disc and numerous free leaf 
segments which are held straight and not 
reflexed. 

Emended Diagnosis — Stems ribbed, fairly 
stout with nodes placed at short distances, 
l:5 cm. and less; leaf sheaths attached to 
the stem for a few millimetres only, spreading 
horizontally like a disc; free segments from 
28 to 36, held straight and not reflexed. 


5. Equisetaceous Cone ? 


Fig. 20 shows an impression of what 
appears to be an incomplete cone, l cm. in 
length. It shows hexagonal impressions 
which can be interpreted as the impressions 
of peltate heads of the sporangiophores. 
They are about | mm. in diameter. This 
impression is found on a shale containing 
nothing but impressions of rhizomes, stems 
and incomplete leaf sheaths of Schizoneura. 

This impression resembles very much to 
that described by Srivastava ( 954) which 
he has ascribed to Schizoneura. If these 
cones really belong to one of the equiseta- 
ceous genus in the Glossopteris flora, the 
presence of a compact cone like that of a 
modern Equisetum as early as in the Palaeo- 
zoic period is interesting, especially when 


none of the Palaeozoic Calamites possessed 
such compact cones. Although Archaeo- 
calamites, the Devonian genus, possessed 
strobilus without intervening sterile bracts 
between the whorls of sporangiophores (and 
in this character came nearer to Equisetum ) 
the sporangia were borne just as in Cala- 
mostachys. 

However, there is also a strong possibility 
that this cone may have belonged to Glossop- 
terıs. It is described here with some hesi- 
tation, because this impression was found 
from a dump of shales showing almost 
nothing else but impressions of Phyllotheca 
and Schizoneura. 


6. Incertae Sedis 


Numerous oval bodies as shown in Fig. 8 
are found on some shales bearing the stem 
and leaf impressions of Phyllotheca and 
Schizoneura. 

These bodies are about | mm. in size and 
are either oval, round or slightly elongated in 
shape. These various shapes are no doubt 
due to compression at the time of fossiliza- 
tion. They always contain some coaly 
matter, mostly vitrain, which is brittle. 
When the coaly matter is removed, faint 
longitudinal striations are visible. The coaly 
matter was macerated but failed to reveal 
spores or any other organic matter. Some- 
times these bodies appear to be attached at 
the end of a stalk. This could not, however, 
be confirmed. 

It is difficult to say what these bodies are. 
No spores have been found and hence it 
cannot be said that they are sporangia. They 
are also found in association with under- 
ground stems. Can these be branch tubers 
similar to those in Equisetites Burchardti 
(SEWARD, / 00007 279, Fic. 65)? There is 
also a third possibility that these are the 
seeds of some other plants. At present 
nothing definite can be said. 
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EXPLANATION OF PLATES 


PLATE i 


i. A leafless stem showing branching at two 
places. 70 Nat. size. 

2. An impression of vascular bundles of the stem 
showing their course through the internodes and 
nodes. x Ca. Nat. size. 

3. A node from the impression in Fig. 2 magni- 
fied to show the course of vascular bundles. » 3. 
4. Rhizome with long roots at the nodes. 4 Nat. 
size. 

5. A number of stems of Phyllotheca Griesbacht, 
varying in size and bearing leaf sheaths. x Ca. Nat. 
size. 


PLATE 2 


6. Young stems showing a conical apex and 
crowded nodes are seen attached to a rhizome. On 
the left a bifurcating root of the same rhizome. 
Ca. Nat. size. 

7. Two detached young leaf sheaths of Phyllo- 
theca indica. Small oval bodies are also seen lying 
onethesshalena.2. 


8. Two leaf sheaths of Phyllotheca indica attached 
to the stem. x 3. 

9. A narrow stem bearing leaf sheaths and long, 
reflexed free segments. Ca. Nat. size. 

i0. A leaf sheath of Phyllotheca Griesbachi at- 
tached to a stem. x Nat. Size. 

ll. An impression of an incomplete cone. x 6-5. 


PLATE 3 


2. Phyllotheca Griesbachi. Leaf sheath plate-like 
with free segments spreading out straight. Im- 
pression of the stem bearing this leaf sheath is seen 
in the middle. x 2. 

43. Three leaf sheaths of Phyllotheca Griesbachi. 
tr 

44. A complete detached leaf sheath of P. 
Griesbachi. Note the straight free leaf segments. 
0 Se 

5. Phyllotheca Griesbachi. Two leaf sheaths borne 
on a stem. X Nat. Size. 

6. A number of leaf sheaths with reflexed free 
segments of P. indica. x Nat. size. 

47. Phyllotheca indica. A thick leaf sheath. x 2. 

i8. Five small oval bodies. x 45. 
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DADOXYLON RAJMAHALENSE SAHNI FROM THE COASTAL 
GONDWANAS OF INDIA 


K. SURYANARAYANA 
Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


The paper describes a fossil wood identifiable as 
Dadoxylon vajmahalense Sahni from the Coastal 
Gondwanas of India. This is the first record of the 
genus Dadoxylon from these beds. Incidentally, a 
poorly preserved specimen of Dadoxylon described 
from south west of Tiki in Rewah by Sahni has also 
been identified as Dadoxylon rajmahalense. 


INTRODUCTION 


UR knowledge of the petrified woods 
from the Coastal Gondwanas of India 
is very meagre. Sahni (93]) des- 

cribed three species of Mesembrioxylon, two 
species of Cupressionoxylon and an indeter- 
minable coniferous wood. In a recent paper 
( SURYANARAYANA, 953), I described the 
structure of a new species of Mesembrioxylon 
from the Sripermatur group near Madras. 
While continuing my work on these fossil 
woods I came across a species of Dadoxylon 
not known so far from the east coast Upper 
Gondwanas of India and hence it is des- 
cribed here. 

Locality — Vellum near Sripermatur. 

Horizon — Sripermatur group (Kota Stage, 
Upper Gondwanas, Middle Jurassic ). 


DESCRIPTION 


The wood was collected im situ as small 
pieces measuring 4-5 cm. in length and 2 cm. 
in breadth. Since it is in a highly friable 
state, sections were made after boiling in 
Canada balsam. The preservation is fairly 
good for generic as well as specific identi- 
fications. 

From the curvature of the annual rings, 
it is found that the piece shown in PI. l, 
Fig. , is far from the pith. Growth-rings are 
very distinct even with the naked eye. They 
are broad and unequal. The cells of the 
tracheids are thick-walled and circular in 
cross-section (Pr. |, Fic. 2). The radial 
diameter of a widest spring tracheid is 56-0 u. 
and that of narrower autumn tracheid 4-0 u. 
Wood parenchyma is absent. 
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Medullary rays are very prominent, nume- 
rous, l-cell wide and placed at a distance of 
3-]5 rows of tracheids. 

The medullary rays are always uniseriate 
(Pr. 4, Fics. 5, 6). The height of the rays 
varies from Î-i2 cells, sometimes reach- 
ing 20 in number (average 5 cells). The 
cells are oblong or oval and thick-walled. 
The average dimensions of the cells are ll x 
7 u. The horizontal and tangential walls 
are always smooth. 

Bordered pits are seen only on the radial 
walls of the tracheids (Pr. l, Fıcs. 3, 4). 
The pore of the pit is not preserved. They 
are usually arranged in a single row, but 
occasionally they are biseriate and triseriate. 
The pits are contiguous as well as separate, 
flattened above and below. Rarely they are 
circular. In the triseriate condition they 
are alternately arranged forming typical 
hexagons (Pr. l, Fic. 3). The height of a 
vertical row of ten radial pits is ]5:5 u. 
The pits in the field are not well petrified. 
Bars of Sanio are absent. 


SYSTEMATIC POSITION 


Fossil woods showing Araucarian or Cor- 
daitean type of pitting are termed as Dado- 
xylon (SEWARD, 9]7, 499). They are 
characterized by multiseriate, alternate, con- 
tiguous, polygonal pitting on the radial walls 
of the tracheids. The alternate disposition 
accompanied by flattening and hexagonal 
contour of the pits, absence of Sanio’s rims 
and the uniseriate medullary rays strongly 
show that the wood is of the Dadoxylon type. 


COMPARISON 


The present specimen is characterized by 
the well-marked growth-rings, absence of 
xylem parenchyma, the uni- and triseriate 
alternately arranged hexagonal pits, the 
very low height of the medullary rays which 
are exclusively uniseriate and the smooth 
horizontal and tangential walls of the medul- 
lary rays. The only species which shows the 
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closest similarities with the above specimen 
is Dadoxylon rajmahalense Sahni (93). 
Sahni described two specimens, one from an 
unknown locality in the Rajmahal Hills and 
the other from Banchappa, 2 miles south of 
Mirza Chowki Railway Station in the north- 
west Rajmahal Hills. In spite of the slight 
differences in their characters both the speci- 
mens were regarded as belonging to the same 
species. The first specimen collected from 
the unknown locality in Rajmahal Hills shows 
greater resemblances with the present one. 
The resemblances are in the presence of well- 
marked growth-rings, uniseriate medullary 
rays, the isodiametric nature of the medul- 
lary rays, the height of rays being -20 
(average about 4-6), uniseriate to triseriate 
pitting on the radial walls and the flatten- 
ed hexagonal pits. I have, therefore, des- 
cribed the Vellum specimen under Dadoxylon 
rajmahalense. 

It may be recalled here that Sahni ( 93] ) 
described a poorly preserved specimen of 
Dadoxylon, obtained from south-west of Tiki 
in Rewah. This specimen was named as 
Dadoxylon ( Araucarioxylon) sp. « due to 
lack of details in the structure. This shows 
similarities with the Vellum specimen in the 
presence of growth-rings, contiguous uni- 
seriate and biseriate alternate radial pits, 
uniseriate medullary rays which are l-20 
cells in height, average being about 6 and 
smooth horizontal and tangential walls 
(see Table I ). 
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TABLE 4 
Dadoxylon Dadoxylon 
sp. & rajmahalense 
(SAHNI, 938l) (VELLUM ) 
i Radial diameter of widest 55 u 56 4 
spring tracheid 
2. Radial diameter of narrow- 20 u ॥97 
est autumn tracheid 
3. Height of a vertical row 67 u i5°5 u 
of 0 radial pits 
4. Average height of medul- 6 cells 5 cells 
lary rays (20 random 
counts ) 
5. Average dimensions of me- ॥2 x 24u ae eae 


dullary ray cells as seen 
in end view 


er 


Describing the species Dadoxylon ( Arau- 
carioxylon) sp. a (SAHNI, 93l, 9. 7L) 
Sahni says, ‘‘ Whether the characters given 
in the above diagnosis are constant features 
is a question which can only be settled on 
the discovery of better preserved material.” 
Since my specimen, which resembles the 
above species in all the characters, shows 
fairly good preservation at several places, 
the features noticed are taken as constant 
and of specific value. Therefore, Dadoxylon 
sp. « can now be included in Dadoxylon 
rajmahalense. 
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EXPLANATION OF THE PLATE 


i. Transverse section of the wood under lower 
power showing growth-rings. x {5. 

2. Transverse section of the 
tracheidal cells. x 00. 

3. Radial section showing the nature of bordered 
pits. x 480. 


wood showing 


4. Another radial section 
x 480. 

5. Tangential section showing the distribution of 
medullary rays. x 20. 

6. Tangential section under high power showing 
the medullary ray cells. x 420. 


showing the pits. 


PLATE 00 


SURYANARAYANA — 


+ 


VOL 


THE PALAEOBOTANIST. 


re er er 


ee ea 


22 0 (900 ता» AND AFFINITIES OF SAHNIPUSHPAM 
GLANDULOSUM SP. NOV. FROM THE DECCAN 
INTERTRAPPEAN SERIES 


U. PRAKASH 
Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


_ A new species of Sahnipushpam, S. glandulosum 
ıs described here in detail from the Intertrappean 
beds of Madhya Pradesh. A number of specimens 
probably representing young fruit stage of Sahni- 
pushpam glandulosum have also been described. 
The flowers and young fruits described here are 
sufficiently well preserved to reveal all their ana- 
tomical details. A comparison with the modern 
families reveals that this dicotyledonous flower 
shows a near approach to the family Myrtaceae, 


INTRODUCTION 


ECENTLY a small petrified flower, 
| R Sahnipushpam, was reported by 

Shukla (948, 950) from Mohgaon 
Kalan, the well-known locality of the Dec- 
can Intertrappean Series, but no detailed 
description of the flowers has appeared 
so far. 

The only dicot flower which has been des- 
cribed in detail from the Deccan Intertrap- 
pean Series is Sahnianthus Parijai by Shukla 
(SHUKLA, 942, 944; CHITALEY, 4955), which 
he regards as belonging to the family Lythra- 
ceae. In 943, Sahni described the fruit of 
Sahnianthus Parijai in great detail under the 
name Enigmocarpon Parijai. These two are 
reported from the same locality, Mohgaon 
Kalan. 

Recently the author was able to collect 
about hundred specimens of flowers and 
young fruits of Sahnipushpam belonging 
to a single species from Mohgaon Kalan 
( 22°l'N. 79°Il’E.) and also from Bharatwada 
(2I°4'N. 79°I’E.), which is another im- 
portant fossil locality in Madhya Pradesh. 
Most of the specimens were obtained from 
one block of chert which, when broken, ex- 
posed fruits and flowers cut in various planes. 
The flowers are in their late stages and the 
fruits are young. Both are excellently pre- 
served showing good structural details in 
thin sections. Only a few specimens yield- 
ed good peel sections. Since the flowers 
and the fruits are very small in size, their 
structure was followed through by gradual 


9 


grinding and serial sketching at regular 
intervals, 


DESCRIPTION 
Sahnipushpam glandulosum sp. nov. 


Information as regards the structure of the 
flower and its young fruit has been drawn 
from a number of specimens. 

The flower of Sahnipushpam glandulosum 
00 7 0000 is 5-5-5 mm. in length 
and 2:5-2:8 mm. in diameter. It is sessile, 
? bracteate, actinomorphic, hermaphrodite, 
cyclic, and perigynous with a calyx tube. 

Bract — What appears to be a bract is seen 
in two specimens, It is about 6 mm. long 
(Pr. ।, Fic. 2; TEXT-FIG. Î ) and composed 
of thin-walled, rectangular cells ( TEXT-FIG. 
2). One oval cavity is present in the middle 
which is probably a secretory cavity. 

Calyx—The calyx is tubular and composed 
of 4-5 sepals. In transverse section, the 
calyx shows a squarish outline ( Pr. 2, Fics. 
i3, 5). In one specimen, however, two 
opposite sepals form spathulate structure 
(Prial, Fie. 5). “The squarsh calyx tube 
is narrow at the base, measuring about l-:8 
mm. in diameter, and follows the contours 
of the ovary, slightly expanding near the 
middle part (2:7-2:8 mm. in diameter ) and 
again converging at the apex ( 2:5-2-7 mm. 
in diameter). The lobes of the calyx are 
rather thick ( 0-24 mm.) at the base, thins 
out in the middle ( PL. 2, Fic. 6) and are 
swollen and fleshy (0-7 mm. thick) at the 
apex ( Pr. 20 030 

The calyx tube is squarish in cross-section 
in most of the specimens, but in some it 
appears to be five-sided (Pr. 2, Fic. 0 ६ 
As the members are united, it is not possible 
to distinguish individual sepals. It is quite 
likely that each angle of the calyx, which is 
pointed. Pr 2, Fic, 00) represents the 
central part of a sepal. It has not been 
possible to observe in cross-sections any 
regularity in the position of the sepals in 
relation to the gynaecium. 
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In cross-section of a sepal, the epidermis 
on the inner ( upper ) side as well as on the 
outer side consists of thin-walled, tangen- 
tially elongated parenchymatous cells, which 
possess hairs or trichomes all over the calyx. 
The mesophyll ( Pr. , Fic. 3) is made up 
of only spongy tissue. The cells of tlıe 
spongy tissue near the base of the calyx 
( TEXT-FIG. 3) are small and round to oval, 
but in the upper part perhaps they become 
shrunk and have irregular outline ( TEXT- 
ric. 4). In the fleshy apical part, the cells 
( Text-Fic. 5) are bigger and have irregular 
outline. Round to oval secretory cavities 
are very common in the thick and fleshy 
parts of the calyx, especially near the apex 
( PL. 2, Fics. 7, 30) and base ( TEXT-FIG. ॥ ). 
In the middle region, where the sepals be- 
come thin, the secretory cavities are very 
few in number, or even absent. These 
cavities are mostly empty, but often show 
some spiny crystalline deposits. Stomata 
are not seen. 

The vascular supply of the calyx is usually 
well preserved. There appears to be 4-5 
big and equal traces, one trace per sepal, 
at the base of the calyx tube ( TEXT-FIG. 6). 
At a higher level the number of traces in- 
creases and they become eight or ten in all 
with two traces per sepal ( TEXT-FIG. 7). 
At the apex of the calyx ( TEXT-FIG. 8) the 
number still increases and there are either 
twelve or fifteen traces, some of them 
large and others small with only a few ves- 
sels. There are two alternatives which can 
explain the increase in the number of traces 
from base upwards. Firstly, there may be 
one trace in each sepal at the base, which 
further up divides into two to give rise to 
eight or ten traces in all. At the apex one 
trace in each sepal again divides and gives 
rise to three traces in each sepal, thus making 
up a total of twelve or fifteen traces in all. 
Second explanation is that each sepal may 


have three traces as seen at the apex, one 
big midrib trace and the other two small 
traces, one on its either side. Due to cohe- 
sion of the sepals, the small side traces of the 
two adjacent sepals unite, giving rise to eight 
or ten traces in the middle region of the calyx 
tube. Still further down towards the base, 
the midrib traces are lost, and there remains 
only 4-5 traces. Considering the size of 
the traces and the gamosepalous condition 
second possibility seems to be more plausible. 

The vascular bundles are more or less 
circular and collateral in transverse sections. 
The midrib bundles ( TEXT-FIG. 9) are big- 
ger in size and possess a number of vessels 
and a parenchymatous sheath all round the 
bundle. In small bundles ( TEXT-FIG. {0) 
there are only a few xylem vessels and 
phloem elements but no bundle sheath is pre- 
sent. The pitting of the protoxylem vesscls 
is of spiral type. The cells of the phloem 
tissue are thin-walled. 

The presence of corolla in the flowers could 
not be detected. Either it may be altogether 
absent or it has fallen off in the specimens 
which represent the late stages of the flowers. 

Gland —In_ one longitudinal section 
(TExT-FIG. II) a stalked gland-like body is 
seen arising at the base of the flower between 
the calyx tube and the ovary wall. It is 
formed of a multicellular stalk and oval 
head with a cavity probably of secretory 
nature. In longitudinal section, the cells 
of the stalk are rectangular and thin-walled. 
The cells of the head are not preserved. 
This gland may represent a glandular 
trichome. 

Androecium —Of all the specimens 
examined only four give evidence of the 
presence of stamens. The exact number of 
stamens could not be ascertained. In one 
specimen the stamens appear to be inserted 
on the inside of the calyx tube. They are 
about 2 mm. long and reach up to the style 
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TEXT-rISS. 4-44 — Sahnipushpam glandulosum sp. nov.i, T.S. of a flower from specimen 38 showing 


a bract ( br.) with a secretory cavity. x 3:5. 
fied cells of the calyx from near its base. 
part. >< 320. 


x 630. 


2, magnified cells of the bract. 
Y x 320. 4, highly magnified cells of the calyx from its upper 
5, highly magnified cells of the calyx from its fleshy apical region. x 320. 
the base of a flower ( specimen 43 ) showing 4-5 vascular traces (£.) in the calyx lobes. x 3:5. 
a flower (specimen 5 ) at a higher level showing ten traces ( £.) in the calyx. 
(specimen 7 ) through its stylar region showing fifteen traces (¢.) in the calyx. x3-5. 
fied midrib bundle from a sepal showing xylem (xy.), phloem ( ph.) and a bundle sheath ( B.Sh.). 
0, highly magnified side trace showing xylem ( xy.) and phloem ( ph.) tissues. 
base of a flower showing a gland ( gl.) between the calyx and ovary wall. x 3:5. 
(specimen 27) slightly above its middle region showing the tissue of three filaments (f.). 
3, T.S. from the apex of a flower showing an anther (an.). x 3-5. 


x 460. 3, highly magni- 
6, T.S. from 
pe LS AO 
8, T.S. of a flower 

9, highly magni- 
x 320. 
ii Senatathe 
i2, T.S. of a flower 
M3:52 
i4, pollen grains highly magnified. 
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TEXT-FIGS. -4, 
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of the flower. At the apex it bends and 
curves towards the style so as to follow the 
contour of the ovary. The filaments being 
badly preserved, their cellular details could 
not be seen. In a transverse section of an- 
other specimen, three small patches of tissue 
could be seen inside the calyx tube, which 
might be the remnants of filaments ( TEXT- 
FIG. l2). In the third specimen, which is a 
transverse section from the apex of a flower, 
there is present a tissue which looks like an 
anther ( TEXT-FIG. 3). 

The anther is composed of two lobes, which 
are plano-convex in shape, connected to 
each other. It is about 0-48 mm. long and 
0-3 mm. broad. The attachment of the 
anther to the filament seems to be dorsifixed 
and the connective is attached to the back 
of the anther. The anther wall is composed 
of thick-walled, polygonal cells. The dehis- 
cence of the anther seems to be by longi- 
tudinal slit. 

Pollen grains have also been found scatter- 
ed in the apical part of the calyx tube of the 
Same specimen. They are (Pr. 2, Fic. ॥0५ 
TEXT-FIG. i4) small, 22-28 x 22-6 u, oblong 
to somewhat boat-shaped, dicolporate, syn- 
colpate with smooth exine. 

Gynaecium — It is pentacarpellary and syn- 
carpous, 4-8-5-2 mm. in length and 2-2-5 mm. 
in diameter. 

The ovary is superior in nature and more 
or less oblong, 2-2-5 mm. in diameter and 
about 3-5 mm. in length. In a few cases 
it appears to be more or less square in cross- 
sections. It is narrow at the base ( :65 mm. 
in diameter ) and expanded towards the apex 
(2:5 mm. in diameter). The ovary wall is 
moderately thick, about 0-3-0-5 mm., and 
lined marginally by a number of spherical 
sacs ( Pr. , Fic. I), which might have con- 
tained oil, tannin or resin. 

The ovary is pentalocular with 5-6 
secondary partitions. The secondary parti- 
tions are complete at the base ( TEXT-FIG. 2] ) 
and apex (Pr. 2, Fic. 4) but incomplete 
in the middle region of the ovary (Pr. 2, 
Fic. Il). Thus at the base and apex a 
single ovule in each loculus is seen, whereas 
in the middle region of the ovary, the secon- 
dary partitions being incomplete, there are 
two ovules in each of the four loculi and 


three ovules in the fifth loculus. In some 
specimens, however, the pentalocular ovary 
has only five secondary partitions, containing 
two ovules in each loculus in the middle 
region (Pr. 2, Fic. 6) and one ovule each 
at the base ( Pr. 2, Fic. 9) and apex ( PL. 2, 
Fic. 5). The secondary partitions arise 
from the ovary wall and develop inwards 
meeting the axile placenta only at the base 
and apex ( TExT-FIGs. 5-22), remaining 
incomplete in the middle region of the ovary 
for about :5 mm. The secondary parti- 
tions never decrease beyond half the length 
of the primary septum. This condition of 
secondary partitions is rather unusual. The 
central axis could not be seen in the middle 
region but is present at the basal and apical 
regions. However, from one specimen cut 
longitudinally (Pr. l, Fic. 4) it appears 
that the central axis is also present in the 
middle region but is hollow. Its absence 
in the middle region might be due to the dis- 
organization of the tissue. 

The ovary wall is divided into two regions 
( TEXT-FIG. 23 ), the outer with thick-walled 
cells and inner with thin-walled cells. The 
epidermis ( TEXT-FIG. 24) consists of small, 
somewhat tangentially elongated to squarish 
cells interrupted at short intervals by large 
spherical sacs, 35-60 u. in diameter, which 
remains partially bulged out. Just below 
the epidermis there are a few layers of thick- 
walled pentagonal to hexagonal cells with 
short lumen. These are followed by a few 
layers of cells with moderately thick walls. 
Lining the loculus, there are only a few 
layers of thin-walled cells ( TEXT-FIG. 25) 
Small hairy projections arising from the inner 
lining of the wall hang into the loculus 
( TEXT-FIG. 23). The vascular supply of 
the ovary could not be seen. 

The septum is made up of slightly thick- 
walled cells with a few layers of thin-walled 
cells lining it. The thick-walled cells ( TEXT- 
FIG. 26) are polygonal in shape with big 
lumen. Also from the septum, small hafry 
projections hang into the loculus. 

The axis of the placenta is cylindrical, about 
0-5-T mm. in diameter, consisting of a corti- 
cal zone and a parenchymatous pith. The 
pith is made up of thin-walled polygonal 
cells ( TEXT-FIG. 27). The cortical zone is 
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Text-FIGs. Â5-22 — Sahnipushpam glandulosum sp. nov. Serial cross-sections of the flower from 


the apex to base showing different stages of secondary partitions in the ovary. 
of Figs. 5-2] are from specimen 34, and Fig. 22 is from specimen 3. 


Camera lucida sketches 


AISNE 


TExtT-Fics. 5-22. 


96 THE PALAEOBOTANIST 


composed of closely packed, hexagonal, There are l0-ll ovules in all, which seem 
parenchymatous cells (Pr. 2, Fic. 2). to be attached ( PL. l, Fic. i)to the central 
The vascular supply in the cortex is not axis at the apex of the loculi. As regards 
recognizable. its structure nothing could be said because 
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TEXT-FIGS. 23-33 — Sahnipushpam glandulosum sp. nov. 23, a line drawing of the ovary wall showing 
bulged out spherical sacs (s.s.), an outer region (o.r.) an inner region (i.r.) and hairy projections 
(oe 07 0 PAE INS: 0४ ovary wall with spherical sacs, epidermis and outer region (o.r.) of thick- 
walled cells. x 420. 25, highly magnified thin-walled cells from the inner region (i.r.) of the ovary 
wall. x 950. 26, highly magnified cells of a septum. x 420. 27, magnified cells of pith. x 220. 28 
AS = the style showing five vascular traces (f.) and stylar canal (st.c.) in the centre. x 25. 29 highly 
magnified cells of horizontal partitions of stylar canal. x 320. 30, highly magnified cells of style. | 
er ; : oe of the style showing bundle sheath (B.Sh.), xylem ( xy), 

em 20 OX ५ , L.S. from a style and stig i i i ie 
traces (t.). x 23:5. 33, highly magnified cells Ot stigma. oe 522 a 
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the tissue of the ovules has been completely 
replaced by the inorganic matter. 

The style is very short, about 0-96-:I2 
mm. in length and l-4 mm. in average dia- 
meter, with a collar-like protrusion at its base 
(Pr. |, Fic. l). It is more or less circular 
to roundly angular in cross-section ( TEXT- 
FIGS. 3, 28). In the centre there is a stylar 
canal about 0-28 mm. in diameter. This 
canal possesses horizontal partitions clearly 
seen in its lower part ( PL. 2, Fic. 8). These 
partitions are composed of only a few layers 
of elongated, thin-walled cells ( TEXT-FIG. 
29). No lining of the stylar canal could be 
observed. The style consists of loose, thin- 
walled, round to oval cells ( TEXT-FIG. 30). 
Some big cells are also seen scattered in the 
stylar tissue. The epidermis of the style 
is composed of thin-walled, tangentially 
elongated cells. The basal region of the 
style, from where it breaks off, is very well 
indicated in the fossils. As regards the 
vascular tissue, 5-6 (Pr. 2, Fic. |3 TEXT- 
FIG. 28), more or less circular vascular 
bundles are arranged in a ring round the 
stylar canal. Each bundle has l-2 vessels 
on the outside and phloem on the inner side 
( TEXT-FIG. 3l). In one longitudinal sec- 
tion two vascular strands are seen running 
parallel to the margins of the style and curve 
out at the apex ( TEXT-FIG. 32). 

The stigma is terminal and somewhat dis- 
god (Pr. I, Fic. ll). The-disc appears to 
be slightly angular ( probably five-angled ) 
which could be seen by observing the stig- 
matic region by gradual grinding. It is 
about 2-6-3-2 mm. in diameter. The central 
part of the plate in some specimens appears 
to be slightly raised (Pr. , Fic.  ). In only 
one specimen margin of the plate hangs down 
so as to form an umbrella-like structure. In 
some a few projections come out from under 
the stigmatic plate ( TEXT-FIG. 32). The 
stigma consists of loose, thin-walled cells 
( TEXT-FIG. 33). 

Fruit — There are about seven specimens 
which probably represent the early stages 
of the fruit. The fruit of Sahnıpushpam 
glandulosum ( PL. l, Fic. 4) is an ellipsoidal, 
woody capsule, about 3 mm. in diameter and 
3-8-4 mm. in length, with a persistent calyx 
tube. There is a depression at the base of 
the fruit. The fruit possesses septicidal 
dehiscence (Pr. 2, Fic. ।॥। ) कक] one fruit 
only remnants of the calyx tube are seen. 
It seems that the calyx might have been 
detached during fossilization. The calyx 
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TEXT-FIG. 34 — Floral diagram and floral for- 
mula of Sahnipushpam glandulosum. 


tube encircling the fruit is 4-6 mm. in length. 
It is more or less uniform in diameter, about 
3 mm. at the base and 3-2 mm. at the apex. 
As regards the anatomy of the fruit, it is 
similar to what has been described in the 
previous pages for the ovary. 

Diagnosis — Flowers bracteate ?, sessile, 
actinomorphic, hermaphrodite, cyclic, peri- 
gynous with a calyx tube, 5-5-5 mm. 
length and 2-5-2°8 mm. diameter; calyx tube, 
squarish, 4-5 lobed, slightly thick at the 
base and fleshy at the apex, secretory 
cavities present; corolla not seen; gland 
present; stamens present, probably inserted in 
the calyx tube, exact number not known, 
about 2 mm. long; anther two-lobed, 0-48 
> 0-3 mm., biconvex and attachment dorsi, 
fixed; pollen grains small, oblong to some- 
what boat-shaped, smooth, dicoloporate and 
syncolpate; gynaecium, 4:8-5:2 mm. long, 
2-2-5 mm. diameter, pentacarpellary and syn- 
carpous; ovary, 2-2:5 mm. diameter, 3:5 mm. 
long, superior, pentalocular, usually with 
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two ovules in each of the four loculi and 
three ovules in the fifth loculus, often with 
two ovules per loculus, secondary partitions 
present, ovary wall with marginal spherical 
sacs of oil, tannin or resin; placentation axile, 
placenta cylindrical, 0-5- mm. thick, ovular 
tissue not preserved; style united, short, 
0-96--2 mm. long, l:4 mm. average dia- 
meter, stylar canal 0:28 mm. diameter with 
horizontal partitions; stigma terminal, disc- 
like, slightly angular. Fruit with persistent 
calyx tube, 3 x 3-8-4 mm. ellipsoidal, woody 
capsule, sessile, pentalocular with secondary 
partitions; dehiscence septicidal; calyx tube 
4-6 x 3-2 mm. encircling the young fruit; 
spherical sacs embedded partially on the 
fruit wall; seeds not preserved. 

Locality — Mohgaon Kalan (22°I’N.; 79° 
i]'E.) in Chhindwara district and Bharat- 
wada (2i°l4’N.; 79°L'E.) in Nagpur district 
of Madhya Pradesh. 

Horizon — Deccan Intertrappean Series. 

Age — Tertiary ( probably Eocene ). 

Type Specimens — B.S.I.P. Nos. 5505, 
33 ॥ 0 ॥0)3/ 2: 


COMPARISONS AND DISCUSSION 


The flower of Sahnipushpam glandulosum 
does not resemble with any of the flowers so 
far described from India. The flower Sahni- 
anthus (SHUKLA, l942, 944; CHITALEY, 955) 
and the fruit Enigmocarpon Parijai (SAHNI, 
943 ), which are also reported from Mohgaon 
Kalan, are quite different from the flowers 
and young fruits of Sahnipushpam glandu- 
losum. They belong to different families. 

Similarly Pondicherria ebenaleotdea (SAHNI, 
933), known from Pondicherry, South India, 
differs from the young fruit of Sahnipushpam 
glandulosum in the form and size of the fruit 
and in the presence of a single, large, com- 
pressed seed placed vertically in each fertile 
loculus. 

There is no doubt that Sahnıpushpam 
glandulosum belongs to dicotyledons. The 
flower possesses certain distinct characters 
which afford some clue as regards its affi- 
nities with the dicot families. These distin- 
guishing characters are the pentacarpellary 
and syncarpous gynaecium, the spherical 
glands or sacs of oil, tannin or resin in the 
ovary wall anda calyx tube. These charac- 
ters are found in the following families: Com- 
bretaceae, Myrtaceae and Melastomaceae of 
Myrtales (HUTCHINSON, 926; RENDLE, .952; 
WILLIs, 948; ENGLER & PRANTL, 898 ). 


Out of these families only the members 
of the Myrtaceae possess flowers with short 
undivided style, a somewhat discoid stigma 
and a pentalocular ovary with two ovules 
in each loculus and false septa as is the 
case in Sahnipushpam glandulosum. These 
characters exclude other families mentioned 
above except perhaps Melastomaceae, which 
is closely allied to Myrtaceae. 

The important characters which are com- 
mon to Sahnipushpam glandulosum and 
the family Melastomaceae are the pre- 
sence of squarish calyx tube with the stamens 
inserted in it, a five-celled, superior ovary 
with axile placentation and a short style with 
a capitate stigma. However, the important 
differences are the absence of secondary 
partitions in the ovary and the presence of 
gland-tipped bristles in the floral parts of 
Melastomaceae. As such this family can 
also be eliminated. 

In Myrtaceae an important anatomical 
feature is the presence of spherical oil sacs 
or glands, similar to those in Sahnipushpam 
glandulosum, beneath the epidermis of fruits 
as well as in the floral organs. The author 
has cut a number of sections of the ovary 
wall and calyx lobes of Eucalyptus sp. and 
Psidium guyava and found that the spherical 
glands of these genera are almost identical 
with those of Sahnipushpam glandulosum. 
However, it must be said that it has not been 
possible to identify Sahnipushpam glandu- 
losum with any of the living genera of Myr- 
taceae so far. If we take into account the 
presence of secondary partitions, only two 
genera of Myrtaceae, viz. Rhodomyrtus and 
Decaspermum ( HOOKER, 879; NIEDENZU, 
893 ), are known to possess this character. 
In Rhodomyrtus, however, the ovary is l-3 
celled with secondary partitions or divided in- 
to numerous one-ovuled superposed cells. The 
style is also filiform, unlike that in the fossil. 

In the other genus, Decaspermum, the 
calyx tube is persistent, campanulate and 
made up of 4-5 lobes. The ovary is also 
five-celled with two or very few ovules per 
loculus and the cells are divided by spurious 
dissepiments like that of Sahnipushpam 
glandulosum. But Decaspermum differs from 
Sahnipushpam glandulosum in possessing a 
filiform style, a berry-like fruit and semi- 
inferior ovary. 

In fact, the only difference shown by 
Sahnipushpam glandulosum is in the posses- 
sion of superior ovary as opposed to inferior 
or semi-inferior ovary in the Myrtaceae. 
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Otherwise all the important characters of 
Sahnipushpam glandulosum are to be found 
in Myrtaceae. Even the evidence afforded 
by pollen grains points to the same conclu- 
sion. Somewhat similar two-colporate pollen 
grains as found in Sahnipushpam glandulosum 
have been reported in some genera of Myrta- 
ceae ( ERDTMAN, 952; SELLING, 947). 
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EXPLANATION OF PLATES 


PLATE [ 


l. Median L.S. of Sahnipushpam glandulosum 
' showing tubular calyx tube and spherical sacs 
| partially embedded in the ovary wall. x 6. 

2. L.S. of the flower with a bract (br.). x 
IGF 
3. T.S. of a sepal with thin-walled cells. Note 
the empty secretory cavities ( s.c.). X 60. 

4. L.S. of the young fruit of Sahnipushpam 
glandulosum.  6. } 

5. T.S. from a flower showing two opposite sepals 
forming spathulate structure. x 2. 
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6. T.S. of a flower from the middle region of the 
ovary showing two ovules per loculus divided in- 


completely by secondary partitions. The central 
axis is not seen. x ४) 

7. T.S. of a flower through the stylar region 
showing stylar canal and fleshy calyx lobes with a 
number of secretory cavities. x 8. 

8. Highly magnified stylar canal with horizontal 
partitions. x 34. 

9. T.S. (slightly oblique) from the base of a 
flower showing ovary with three loculi possessing 
two ovules each and incomplete secondary parti- 
tions, and the rest two loculi with complete secon- 
dary partitions thus making up four loculi with one 
ovule each. x ॥6 

i0. Pollen grains highly magnified. x 400. 

i. T.S. of a flower from the middle region of the 
ovary showing two ovules in each of the four loculi 
and three ovules in the fifth. Each loculus is 
divided by incomplete secondary partition equal 


00 


to half the size of true septum. Note the septicidal 
dehiscence. The central axis is also not seen. x 3. 

i2. Hexagonal parenchymatous cells of cortical 
Zone AOÛ: 

43. T.S. through the stylar region of the flower 
showing fleshy calyx lobes, with numerous secretory 
cavities. Note the five vascular traces ( vt.) of the 
Style CMD: 
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i4. T.S. from the apex of a flower with ovary 
showing eleven loculi formed by the union of six 
secondary partitions with the central axis. One 
ovule is present in each loculus. x 3. 

45. T.S. from the apex of another flower with 
ovary showing ten loculi formed by the union of 
five secondary partitions with the central axis. 
One ovule is seen in each loculus. X ]3. 
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FURTHER OBSERVATIONS ON MORELLETPORA 
NAMMALENSIS VARMA FROM THE KHAIRABAD LIMESTONE 
( RANIKOT ) BEDS OF THE NAMMAL GORGE, PUNJAB 

SALT RANGE 


C. P. VARMA 
Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


Recently the author (950) reported the occur- 
rence of a new genus of calcareous alga Morelletpora 
( Dasycladaceae ) from the Ranikot beds ( Paleo- 
cene ) of the Punjab Salt Range. A diagnosis of the 
genus and a very brief description of M. nammalensis 
was given. The Ranikot alga has been studied 
further and the genus and its only known species 
have been redefined. M. nammalensis has been 
described and compared in detail. The alga has 
been classified under a new tribe Morelletporeae and 
sub-tribe Morelletporinae created by the author. 
Gyroporella Gümb and Uragiella Pia have been 
suggested to be classified under Gyroporellinae, 
another sub-tribe of Morelletporeae. 


INTRODUCTION 


were first studied by Wynne ( 878 ) 

and later by Gee ( 946). A palaeon- 
tological study of the beds exposed here was 
made by Waagen (88l) and later by 
Cowper Reed ( 93l, 944). Gee has given 
the following sequence of the beds exposed 
at Nammal Gorge which shows an almost 
continuous record of the Tethys from Per- 
mian to Lower Eocene. 


IE beds exposed at Nammal Gorge 


Pleistocene conglomerates 

— unconformity — 

Lower Nimadrics ( Miocene-Pliocene ) 

— Time interval: Regional unconformity — 
Sakesar limestone ( Lak: ) 
Nammal limestone and shales 
Patala shales ( Ranikot ) 
Khairabad limestones ( Ranikot ) 
Dhok-pass beds ( Ranikot ) 

— Time interval, Regional unconformity — 


Eocene 


Baroch limestones sick 
Variegated stage } JS 

— Regional unconformity 

Kingriali dolomites ( Trias ?) 


Kingriali sandstones ॥ | 
— Conformable, transitional junction — 
Ceratite beds Trias 


J. Rao and Tripathi (950) reported an Upper 
Cretaceous limestone with Globotruncana at the 
upper part of the Baroch limestone and below 
the Ranikot ( Paleocene ) beds. 


0l 


Upper Productus beds 


Middle Productus limestones? \ Permian 


Recently Professor Rao and the author 
undertook a palaeobotanical study of these 
beds. Marine calcareous algae have been 
found to occur in the Middle? Productus lime- 
stones (Rao & VARMA, 953) and in two 
of the Eocene beds ( Khairabad and Sakesar 
limestones ). The algal flora represented 
in Sakesar limestone belongs exclusively to 
Rhodophyceae, represented by members 
belonging to Melobesieae, a sub-family of 
Corallinaceae ( cf. VARMA, 952, 953, 953a; 
Rao & VARMA 953a), whereas the algae 
represented in the Khairabad limestone 
belong exclusively to Chlorophyceae ( family 
Dasycladaceae and Codiaceae ). 

Fossil Records of the Ranikot Algae in 
India — The occurrence of calcareous algae, 
both Chlorophyceae ( Dasycladaceae ) and 
Rhodophyceae ( Melobesieae ), has already 
been recorded by several authors from the 
Ranikot beds of India. From the Ranikot 
series of Tibet, Morellet ( 96, pp. 47-49) 
described ( Dasycladaceae ) two species of 
Cymopolia and one of Larvaria. The former 
was later referred by Pia (927, p. 83) to 
Karreria tibetica. Walton (925 ) described 
an alga as Triploporella ranikotensis ( Dasy- 
cladaceae ) which was later referred by Pia 
(927, p. 76) to be a species of Broeckella 
Morellet and Morellet. Some genera belong- 
ing to Corallinaceae (Melobesieae ), viz. 
Archaeolithothamnium, Lithophyllum, Meso- 
phyllum and Melobesia, have been described 
by Rao (94) from the Lockhart lime- 
stones (Ranikot) of the Samana Range 
( North-west India). He has also recorded 
a single Neomerearum ring, the occurrence of 
which indicates the presence of Dasyclada- 


2. Rao and Varma (953) reported the occur- 
rence of an alga Gymnocodium bellerophontis and 
some aberrant types of fusulinids, Leéla, Codono- 
fusiela and Nipponitella, which have elsewhere been 
found in the Upper Permian beds. The authors, 
therefore, regard this bed as Upper Permian. 
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ceae also in those rocks. Rao and Rao 
(939 ) published a short note, after a general 
examination of some Khairabad limestone 
(Punjab Salt Range) sent to them by the 
authorities of the Burmah Oil Company, 
announcing the discovery in these rocks of 
some genera, viz. Dussocladelia, Neomeris, 
Acicularia, Oligoporella and Diploporella. 
The genera Oligoporella and Diploporella 
are known in rocks much older than Ter- 
tiary. If their presence in these rocks could 
be established beyond doubt, the discovery 
of these genera would be of much impor- 
tance because this would show the presence 
of endosporic forms right up to the Lower 
Eocene period. The material on which 
my observations are based was collected 
at short intervals by Professor S. R. N. 
Rao, Department of Geology, Lucknow 
University, in l946 from the Khairabad 
limestones ( Ranikot) exposed at Nammal 
Gorge ( 32°40’: 74°48’) in the Punjab Salt 
Range. An examination of more than 50 
slides shows the occurrence of forms belong- 
ing to Dasycladaceae and Codiaceae. The 
most dominant alga is Morelletpora namma- 
lensis Varma with which occur forms ( almost 
equally numerous) belonging to the tribe 
Thyrsoporelleae ( Dasycladaceae ). Several 
specimens belonging to the family Codiaceae 
have also been observed by the author. 
Forms belonging to Thyrsoporelleae occurring 
in these rocks could easily be mistaken to 
be a species of Dissocladella due to bad or no 
preservation of the tertiary branches, al- 
though at least one species of Dissocladella 
seems to be present. It is interesting to note 
that with the exception of Dissocladella the 
author has not been able to observe the 
occurrence of other genera of algae reported 
by Rao and Rao (939) in the Khairabad 
limestones which he has investigated. 

In this paper are presented the results of 
a detailed study of M. nammalensis, which 
the author named after the late Lucin and 
Jean Morellet in appreciation of their 
classical works on fossil Dasycladaceae. 
The other algae belonging to Codiaceae and 
Thyrsoporelleae occurring with M. namma- 
lensis will be described in a subsequent 
paper. 


MATERIAL AND METHODS 


_ Khairabad limestones are mottled grey 
in colour and of friable nature. An exami- 
nation of some mechanically broken material 
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of the limestone under a binocular microscope 
did not reveal any loose specimen or fragment 
of the alga. Some limestone was also boiled 
with sodium carbonate with a view to sepa- 
rate the algae but with no success. 

In the absence of any loose material the 
most common technique of sectioning the 
rocks in random palnes was adopted. An 
examination of a large number of thin sec- 
tions indicated the presence of a well-pre- 
served alga along with numerous Ranikot 
foraminifera among which Miscellanea mis- 
cella, a characteristic fossil of the Lower 
Eocene, is very common. Though an exami- 
nation of these slides had given a good deal 
of information about the structure of the 
alga, yet the habit remained obscure. With 
a view to ascertain whether the suspicion of 
a jointed habit could be substantiated, the 
following technique was adopted. 

A number of slices were made out of which 
a piece of limestone was chosen which 
happened to contain (luckily ) a sufficiently 
big, though broken, piece of the alga. The 
two sides of the limestone were levelled to 
give it the appearance of a thick slice ( which 
was sufficiently compact so there was no 
need of impregnating it with macro resin or 
balsam ). One of the sides was stuck to the 
slide and the other side was further ground 
and then slightly etched ( by pouring over 
the surface a little of very dilute HCl), the 
surface washed with water and, after smear- 
ing a drop of dilute glycerine, was examined 
under a microscope with strong reflected 
light (various well-known devices may be 
applied to minimize strain on the eyes). 
The whole surface was examined after every 
repetition of the above process of grinding 
and etching. When the structures began 
to appear, camera lucida sketches were made 
and the magnification noted. A series of 
such sketches resulting from the grinding 
of the limestone gives an idea regarding the 
various structures and their course of dis- 
tribution quite satisfactorily. 

Although this piece did not give the desired 
information, it incidently did reveal much 
about the shape of the upper part of the alga 
and established the open nature of the axial 
cell at the upper end. The shape of the 
lower part of the alga could not be known 
from the serial drawings shown in Text- 
figs. l-6 because the fragment of the alga 
seems to have represented a part of the 
upper end only. A few more pieces of the 
limestones were subsequently studied in 
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TEXT-FIGS. -6 — Serial sections of Morelletpora nammalensis Varma. -8, tangentially longitudinal 
sections through the sporangial zone. 7. 9, tangentially longitudinal section passing through 
the sporangia and the zone of the stalk-like parts of the branches. x 7. 0-i, obliquely longitudi- 
nal sections, the lower central part passing through the axial siphon and the upper part through the 
stalks while on sides the sporangia of more than one whorl are cut lengthwise. x 7. 2-i5, obli- 
quely longitudinal sections passing through the open upper end of the axial siphon. x 7. 6, an 
obliquely longitudinal section passing away from the central opening (of the axial siphon) through 


the depressed upper end, x 7. 
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this way which gave some additional infor- 
mation about the alga or confirmed the 
earlier conclusions. 


DESCRIPTION 
Morelletpora nammalensis Varma 


Generic Diagnosis — From what is gathered 
through the single species representing this 
genus, the overall shape of the thallus, as in 
other members of the Dasycladaceae, may 
have been jointed, cylindrical or club-shaped. 
Axial cell hollow, circular in section, open 
at both ends (in species showing a jointed 
habit) bearing a number of branches of the 
first-order only, arranged in regular verticils 
forming the cortex. Branches arising as 
thin, upwardly inclined tubes enlarging 
almost abruptly to form long oval to barrel- 
shaped sporangia, the thinner parts present- 
ing a stalk-like appearance. Each sporan- 
gium opens externally through a pore which 
may occupy the whole width of the sporan- 
gium ( probably due to mechanical breaking 
of the external wall during fossilization ) 
or less. 

Description of the Khairabad Species — So 
far the genus is known only through a single 
species M. nammalensis Varma. This species 
most probably represents a jointed alga 
composed of a number of segments. Ex- 
ternally each segment is club-shaped. The 
external width of the upper end, in most of 
the cases, increases gradually to about 2- 
2-5 mm. In one specimen, however (Pr. , 
Fic. ), it is seen to increase rather suddenly. 
This specimen may be the topmost member 
of the alga. The lower end tapers down 
gradually. Segments are up to 4:5 mm. (or 
more?) in length and circular in cross- 
section. The exterior of the uppermost 
part of each member ( or segment ) tends to 
become rounded, about I-i:4 mm. wide, 
with a depression towards inside which is 
centrally perforated through the whole width 
of the axial siphon. The Text-figs. 2-5 
show a little projection in the depressed roof 
of the upper end round the opening of the 
axial siphon which was at first interpreted 
to be a part of a rind-like structure around 
the upper opening of the axial siphon but 
subsequent studies of the serial sections re- 
veal that in others nothing comparable to 
a rind-like structure could be seen. This 
rind-like appearance in Text-figs. l2-5 may 
probably be due to a deposit of lime on 
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the axial cell from where the upper member 
broke away. The axial siphon is uniform- 
ly broad for the greater part of its length 
except for a slight incurving at the top 
and a narrowing down at the lower end 
from where it is seen to enlarge again at 
the basal part attaining a width somewhat 
equal to that of the upper end ( TEXT- 
Fics. 9, 20; Pr. | Fics. 7 The axial 
siphon is open at both the ends. Width 
of the axial siphon in different thalli may 
vary between 0-2 and 0-8mm. Branches aris- 
ing in whorls, about 0-l-0-2 mm. apart, each 
ending in a single sporangium. Each whorl 
with about 4-26 (or more?) sporangia 
(Pr. 2, Fic MI TER RC 8). Some 
sporangial whorls may show a mixing of the 
sterile and fertile branches ( PL. 2, Fıc. 6). 
In the lower sterile region of the alga the 
number of branches per whorl may have been 
even less and laterally more separated from 
each other than in the fertile region. The 
lateral branches seem to have come out 
right from the basal part of each member 
(Pr. | Fre. 2), but in some longitudinal 
sections this space is occupied by calcite 
which probably indicates that the branches 
may have fallen off at an early stage of its 
life. These branches seem to have come out 
from the axial siphon at no definite angles 
(they diverge from the axial siphon at an 
angie very near 90° or more). Their course 
also does not appear to have been fixed 
(Pr. , Fics. 2, 3). In thezlower-stenile 
part the branches go out as narrow tubes 
with or without a gradual enlargement of 
their distal ends. In the transitional part 
upwardly directed branches with distal 
swellings oval to barrel-shaped, are most 
common but some branches of this region 
are also seen to have a varied route be- 
fore opening out (Pr. l, Fries. -3). The 
sporangia appear to have opened outwards 
with a single opening small or big. Most 
of the openings in the fertile region of 
the fossil specimens, with sporangia predomi- 
nantly barrel-shaped, appear to be as big as 
the whole width of the sporangium. But 
one oblique transverse section ( PL. 2, Fic. 5 ) 
shows a sporangium cut in an obliquely 
longitudinal manner through its distal open- 
ing. The author’s idea of a small opening 
in each sporangium is based upon this section 
passing through the distal pore of a sporan- 
gium. Such lucky transverse or tangential 
sections passing through the distal pore are 
evidently to be found very very rarely. 
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at J i f a single member ( 07 segment ) 
EXT-FIG. 47 — Morelletpora nammalensis Varma. Reconstruction of egme 
as seen from outside with a perfect calcareous coating. x 40. Ax, axial siphon; S, sporangium; Sp, 
sporangial pore. 
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TEXT-FIGS. 8-20. 
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Moreover, during fossilization also it would 
have been these distal parts of the sporangia 
which must have been subjected most to 
mechanical and chemical breaking and during 
this process, it is very probable, the outer 
walls along with the pores must have given 
way leaving behind a shape commonly ob- 
served in most of the sections showing the 
sporangia opening to the exterior with their 
whole width. 

Details about the Stalks and the Sporangia — 
In the fertile region the axial siphon gives 
out anumber of upwardly directed branches 
which enlarge rather abruptly into barrel- 
shaped parts (sporangia). A clear conti- 
nuity is observed between the stalk-like 
parts and the sporangia (which are both 
filled with the same matrix); also these 
branches being undivided provide a clear- 
cut reason to call these lateral extensions 
( including stalk and sporangium as the first- 
order branches only ). Moreover, in no case 
more than one sporangium at the end of a 
stalk could be observed. The stalks ( sporan- 
gial or sterile ) are almost uniformly broad, 
about 0:02 mm. wide, the distance between 
adjoining stalks in each whorl ranges be- 
tween 0-]l and 0:2 mm. As already indicated 
the course of the stalks in the sterile region 
is most irregular, that in the transitional 
region it is more regular (arising at an angle 
between 50° and 70°). Stalks in the fertile 
region show a most regular course arising 
upwardly at an angle of about 45° (rarely 


| between 35° and 50°) with the axial siphon, 


each ending in a single sporangium. Stalks of 
the adjacent whorls in the fertile part of the 
alga show a strictly alternate arrangement 
( Px. 2, Fic. 0) but a section passing deeply 
through the sporangia forming, so to say, 
the cortical region of a segment does not 
show this fact so well (Pr. i, Fic. 4). But 
the sporangia of the adjacent whorls do show 
a strictly alternate arrangement in some 
ground serial sections (Pr. 2, Fics. 7-9). 
These sections also show incidentally the 
hexagonal outline of the closely packed 
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sporangia. These sections are, of course, 
passing through a region slightly behind the 
sporangial openings. From these sections 
(Pr. , Fic. 4; Pr. 2, Fics. 7-9) it becomes 
evident that the sporangia actually have 
circular walls but due to the lateral pressure 
created by a dense packing of the sporan- 
gia in each whorl they show a somewhat 
hexagonal outline. Thus from outside when 
alive, at least in the fertile and partially 
in the transitory regions, it would have 
shown hexagonal facets perforated by a pore 
(TEXT-FIG. 7). The walls of the axial 
siphon, the stalks and the sporangia must 
have been completely encrusted with the 
lime ( TEXT-FIG. 9) 


COMPARISONS 


Among Siphonales the family Dasyclada- 
ceae is characterized by a central axial cell 
with a whorled arrangement of branches 
which may be undivided or divided once or 
a number of times, the development of 
specially differentiated reproductive organs 
and the tendency to get more or less com- 
pletely encrusted with lime. From the 
description of Morelletpora nammalensis given 
above, it becomes clear that the alga is essen- 
tially a member of the Dasycladaceae having 
features characteristic of this family. 

Among the Dasycladaceae, Morelletpora 
is readily distinguished from members pos- 
sessing secondary and tertiary branches by 
the fact that it is diagnosed by the first- 
order branches only. Thus it is compared 
best with those members of the family which 
possess only first-order branches. 

There are a large number of genera belong- 
ing to various tribes of the fossil Dasyclada- 
ceae which have undivided branches but the 
author intends to confine his comparisons 
only to those genera with which M. namma- 
lensis shows a reasonable similarity. 

Gyroporella Gümb, represented by three 
species known from the middle and upper 
Trias, and Uragiella Pia known from the 
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TEXT-FIGS. 8-20. Morelletpora nammalensis Varma. 


whorl where the matrix is shown by black and calcite by white. ie n C 
49, a semi-diagrammatic radially longitudinal section of a segment 


its openings and through the stalks, sporangia and the sporangial 
x 20. 20, reconstruction of a decalcified alga with two members (or segments) connected. 


mated in this whorl is 26. x52. 
passing through the axial siphon, 
openings. 


The section is in a longitudinal plane through the distal end of the axial siphon. — 
Bp, place from where the upper member would ordinarily break; S, sporan- 


has not been cut. x 20. 


i8, a transverse section of a part of the 
The number of sporangia esti- 


The rhizoidal part 


gium; Sp, sporangial pore; St, stalk-like part of the branch; Ax, axial siphon; Axp, pore through which 
the stalk-like part communicates with the axial siphon; W, wall of the axial siphon; R, rhizoid. 
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Upper Jurassic, both belonging to the tribe 
Diploporeae (sub-tribe Macroporellinae), show 
an approach to this genus in exhibiting 
a tendency to form swellings on the dis- 
tal ends of their branches which are com- 
parable to sporangia. The various genera 
classified under the tribe Diploporeae are 
supposed to have built reproductive cells 
( gametes ? or spores ? ) partially in the main 
axial cell and partially in the branches. 
The comparable forms Gyroporella vesicult- 
fera Gümb (see Pia, 927, p. 69) and Ura- 
giella suprajurassica Gümb (see Pia, 927, 
9. 7l) differ from Morelletpora nammalensis 
mainly in having cylindrical thalli. 6. vesi- 
culifera differs in having spherical sporan- 
gia borne on short stalks which are not 
arranged in whorls and arise at right angles 
to the axial siphon (a condition similar 
to this in M. nammalensis is sometimes 
found in the sterile region ), while U. supra- 
jurassica differs in possessing somewhat club- 
shaped lateral branches. These branches, 
though arranged in regular whorls and ob- 
liquely directed, begin to enlarge gradually. 
They are inclined upwards at an angle dif- 
ferent from that of Morelletpora. Moreover, 
in U. suprajurassica the branches are some- 
what club-shaped and do not have a promi- 
nent stalk-like part. In M. nammalensis, 
on the other hand, the distal parts of the 
branches become suddenly dilated into oval 
to barrel-shaped sporangia giving the proxi- 
mal parts a stalk-like appearance. 

Among the Ranikot Dasycladaceae, Broec- 
kella ranikotensis ( Walton) Pia shows a 
great resemblance with M. nammalensis in 
its overall shape and size. Walton ( 925, 
p- 2]4) noted in his alga the “‘ Occurrence 
at both ends ot the segments of depres- 
sions ” and he further writes, “ Mr. Gupta 
pointed out that there are two depressions 
at the larger end of one of the segments 
( Pr. 6, Fic. 5)”. From these observations 
he concludes that the alga must have had 
an axial siphon open at both ends and that 
the alga had a jointed habit which also 
showed a dichotomous type of branching. 
Thus Walton’s alga besides showing simi- 
larity in shape and size also resembles in 
having apical and basal openings of the axial 
siphon and in putting up a hexagonal external 
appearance but with many small holes 
whereas in M. nammalensis there is only one. 
Walton’s alga differs from M. nammalensis 
mainly in having primary branches arising 
almost at right angles, opening through 3-7 
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pores representing branches of the second 
order. Also, the primary branch of B. ranı- 
kotensis does not show anything similar to 
sporangial stalks found in M. nammalen- 
sis. But if Walton’s alga is regarded to 
be a species of Broeckella as done by Pia 
(927, 76), the points of attachment of the 
second-order branches are to be interpreted 
as simple holes opening outside, and the first- 
order branches are to be regarded as radiating 
compartments of a chamber, separated from 
those above and below by horizontal walls, 
which communicate with the axial cell 
through a single pore and the outer wall 
through a number of pores arranged irre- 
gularly. Moreover, in the case of Broeckella 
hexagonal outlines separated by so much of 
lime is not expected on weathering of the 
specimens, because in this genus ‘‘ — celles 
du tube axial, diviseé par des planchers 
horizontaux en un certain nombre de com- 
partements superposés, chacun de ces com- 
partements étant lui-méme divisé par des 
septes radiaires en plusieurs chambres —”” (cf. 
MORELLET & MORELLET, ]922, p. 22). Wal- 
ton ( 925, p. 27 ) giving the diagnosis of his 
alga clearly mentions, “ There are depres- 
sions on the outside which represent the bases 
of the second-order branches which arose, 
3-7 in number, from the end of each first- 
order branch ”. In the opinion of the author 
these depressions, though may not essentially 
be the bases of second-order branches, Pia 
has certainly given nothing to disprove it. 
On the other hand, Walton (925, Pr. 6, 
Fic. I) has given a figure of a radial longi- 
tudinal section of his alga showing second- 
order branches. On the whole, as this alga 
shows some very striking similarities with 
M. nammalensis and comes from rocks of 
the same age and from the same country, 
its re-study will probably reveal some more 
points regarding its structures and affinities. 

Indopolia satyavanti Pia (936, pp 20- 
23 ), described from the Cretaceous rocks of 
Trichinopoly, South India, shows a closer 
resemblance with regard to its stalk-like 
primary branches which run obliquely up- 
wards (at an angle of 30°-40°) but differs 
in having a practically cylindrical form ( and 
it is not known whether its axial tube is also 
open at both ends). Moreover, the distal 
part of each stalk-like primary branch bears 
two cortical cells and two sporangia, the 
latter have been interpreted as modified 
secondary branches. Indopolia satyavanti 
Pia, therefore, has to be put under the 
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tribe Neomereae. Thus it is clear that the 
Khairabad alga represents a new genus as 
already reported by the author (950 ). 


RECONSTRUCTION 


From the structures exhibited by the alga 
it is evident that it must have been attached 
to the substratum standing erect and that 
it did not possess any additional organs for 
the manufacture of food, comparable to the 
assimilatory hairs found in many members 
of the family Dasycladaceae. The manu- 
facture of food in this alga seems to have 
been the primary duty of the sterile and 
transitory parts while that of reproduction 


' must have been the lookout mainly of the 


fertile and partially of the transitory regions. 

So far no two segments have been found 
in organic connection and hence the jointed 
habit cannot be stressed beyond a mere 
probability. Morelletpora nammalensis seems 
to have been a jointed alga because all 
the sections showing the lower end of the 
segments show a complete absence of any- 
thing like rhizoids and that the lower end is 
almost pointed which could not be expected 
to have provided a very firm stronghold 
to the alga, though the possibility of its 
attachment with the substratum could not 
be refuted altogether. 

Secondly, the central part of the upper 
end occupied by the axial siphon is seen 


open in all cases where the longitudinal 


‘bers of the Corallineae ). 


sections are very nearly radial or are oblique 
but pass through the upper opening. In no 
case more than one opening could be seen 
and hence there is reason to suppose it to 
be an unbranched alga. From such a 
structure the upper member may have been 
regenerated and the axial cell may have 
continued up into a similar member above 
with all the three sterile, transitory and 
fertile regions. This process may have been 
repeated several times thus forming a jointed 
alga or an alga showing joints or segments. 
The part nearer to the axial tip of the lower 
member may have been either feebly calcified 
or even uncalcified (this condition of the 
joints is somewhat comparable to Mizzia 
classified under Dasycladaceae and to mem- 
The presence of 
one of the above conditions would have 


made an easy detachment of the upper 


member quite possible. 
Thirdly, the lowermost part of the axial 
cavity of each member is nearly as big as 
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that of its upper end providing a strong 
suggestion that at the time of regeneration 
or growth the axial siphon of the lower 
member continued to converge for a certain 
distance and then enlarged again to regain 
its normal size in the upper member with 
all the three sterile, transitional and fertile 
zones ( TEXT-FIG. 20). 

Affinities and Classification — An overall 
shape of Morelletpora nammalensis must have 
resembled some of the jointed algae like 
Ovulites margaritula Lamk. ( Codiaceae ), 
Mizzia velebitana Schubert, and species of 
Cymopolia Lamouroux and Karreria Mun.- 
Chalm. (Dasycladaceae ). So far there is 
no reason to believe M. nammalensis to be a 
branched form. The genus Mizzia belongs 
to tribe Cyclocrineae while Cymopolia and 
Karreria belong to the tribe Neomereae and 
sub-tribe Cymopolinae. In spite of the 
resemblance in shape M. nammalensis shows 
internal characters, which, although of the 
Dasycladaceae type, do not stand a detailed 
comparison with any genus described so far 
under any tribe or sub-tribe of this family. 
Hence it becomes essential to classify the 
genus Morelletpora under a new tribe of 
Dasycladaceae which the author proposes 
to call Morelletporeae. This tribe is defined 
to have members which show the following 
characters — thallus cylindrical, jointed or 
club-shaped. Axialsiphon producing regular 
or irregular whorls of stalk-like primary 
branches each ending in a single sporangium 
enclosed or open distally. The tribe is fur- 
ther divided into two sub-tribes — Morellet- 
porinae and Gyroporellinae. The sub-tribe 
Morelletporinae is created to include forms 
having a jointed thallus, axial siphon bearing 
whorls of long stalk-like, upwardly directed 
primary branches ending in a single sporan- 
gium open distally. The sub-tribe Gyro- 
porellinae is created to include forms having 
a cylindrical thallus, fertile whorls of the 
axial cell bearing stalk-like primary branches 
running more or less horizontally and ending 
gradually or abruptly into a single sporan- 
gium, distally open or enclosed. Sporangia 
never on sides as found in fossil genera be- 
longing to Dactyloporeae and in the recent 
genera Bornetella and Batophora (cf. FRITSCH, 
948, pp. 389, 392) where they behave as 
gametangia. It is further proposed to 
classify Gyroporella and Uragiella under the 
sub-tribe Gyroporellinae instead of retaining 
them under Macroporellinae, a sub-tribe of 
Diploporeae, because they have horizontally 


i0 


extending primary branches which swell 
distally to form sporangia-like organs. 
Moreover, in these genera the occurrence of 
reproductive parts in the main stem is not 
definitely known and it is more apt that 
their distal parts alone behaved as sporangia. 

It is proposed to classify the genus Morel- 
letpora Varma as under: 


Class — Chlorophyceae 
Order — Siphonales 

Family — Dasycladaceae 
Tribe — Morelletporeae 
Sub-tribe — Morelletporinae 
Genus — Morelletpora 


M. nammalensis Varma 


Diagnosis —Thallus most probably jointed, 
each segment club-shaped, upper end round- 
ed, with a depression open centrally. Axial 
siphon open at both ends, circular in section, 
bearing a number of superposed whorls made 
up of first-order branches only. Branches 
arising as thin upwardly inclined tubes, 
enlarging rather abruptly to form oval to 
barrel-shaped sporangia, giving the thinner 
part a stalk-like appearance. Average length 
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of each segment about 45 mm. and width 
about 2 mm. External surface forming 
rounded to hexagonal facts each pierced by 
a hole. Axial siphon 0-2-0-8 mm. wide, 
longitudinally extending from base to tip. 
Each whorl with about 4-26 stalked sporan- 
gia, separated vertically from each other by 
about 0--0-2mm. Stalks of adjacent whorls 
alternately arranged. Sporangial stalks 0-02 
mm. wide and separated from the next in its 
whorl by about 0-I-0-2 mm. Each stalk 
enlarging in a sporangium, oval or barrel- 
shaped, 0--0-2 mm. wide and 0-2-0-5 mm. 
long. Stalks in the lower whorls mostly 
arising at angles between 50° and 70°, those 
in the fertile whorls arising at about 45° 
(range 35°-50° ) 


ACKNOWLEDGEMENT 


The author takes this opportunity once 
again to express his gratefulness to Professor 
S. R. Narayana Rao, Department of Geology, 
Lucknow University, for permitting him to 
make a further study of the Khairabad lime- 
stones and for many helpful suggestions and 
criticisms which the author received from him 
during the preliminary study of Morelletpora 
nammalensis. 


REFERENCES 


CowPER REED, F.R. (93). New fossils from the 
Productus limestones of the Salt Range with 
notes on their species. Pal. Ind. N.S.7(): -56. 

Idem (944). Brachyopoda and Mollusca from 
the Productus limestones of the Salt Range. 
Pal. Ind. ( N.S.) 23. Mem. 2 : ॥53/09, 

FRITSCH, F. E. (948). Structure and Reproduc- 
tion of the Algae. l. Cambridge. 

GEE, E. R. ( [946 ). Further note on the age of the 
Saline series of the Punjab and of Kohat. Proc. 
Nat. Acad. Sci. India. 6(2-4): 95-54. 

MORELLET, L. & MORELLET, J. (i943). Les Dasy- 
cladacées du Tertiaire Parisien. Mém. Soc. Géol. 
France. 2(): -43, Mem. 47. 

Idem (922). Nouvelle Contribution a l’étude des 


Dasycladacées Tertiaries. Mem. Soc. Géol. 
France. 25(2): -35, Mem. 58. 
Idem (939). Tertiary Siphoneous Algae. Brit. 


Mus. ( Nat. Hist.). London. 

MORELLET, M. L. ([9]6 ). Notes sur les Algues 
Siphonées Verticillées. Mem. Geol. Surv. Ind. 
Pal. Ind. ( N.S.). 5(3): 47-49. 

Pia, J. (927). In Hirmer, M., Handbuch der 
Paläobotanik. l: 56-86. München und Berlin. 

Idem (935). Calcareous Green Algae from the 
Upper Cretaceous of Tripoli (North Africa ). 
Journ. Palaeont. ,0({). 


Rao, L. R. & Rao, K. S. (939). Fossil algae in 
the Eocene beds of the Salt Range. Curr. Sci. 
S(ip)egodi2 

Rao, L. R. & Pia, J. (936). Fossil algae from 
the uppermost Cretaceous beds (the Niniyur 
group) of the Trichinopoly district, 5. India. 
rps Geol. Surv. Ind. Pal. Ind. 2(4): 

-49, 

Rao, S. R. N. (944). An algal flora from the 
Lockhart limestone ( Ranikot series) of the 
Samana Range (N.W. India). Jour. Mysore 
Univ. 2(7): 44-53. 

Rao, S. R. N. & TRIPATHI, B. (950). Extension 
of the Maestrichtian sea in the Punjab Salt 
Range. Curr. Sci. 49(): 6-7. 

Rao, S. R. N. & Varma, C. P. (953). Fossil 
algae from the Salt Range. I. Permian algae 
irom the Middle Productus beds. The Palaeo- 
botanist. 2:9-2. 

Idem (953a). Fossil algae from the Salt Range. 
II. Solenomeris (?) Douvillei sp. nov. from the 
Laki (Lower Eocene ) limestones. The Palaeo- 
botanist. 2: 2i-23. 

VARMA, C. P. (950). A new genus of calcareous 
alga ( Dasycladaceae ) from the Ranikot beds 
( Paleocene ) of the Punjab Salt Range. Curr. 
Sci. 49(7): 207-208. 


VARMA — OBSERVATIONS ON MORELLETPORA NAMMALENSIS 


ARMA, C.P. ( 952 ), An algal flora from the Laki 
(Lower Eocene) beds of the Nammal Gorge 
( Punjab Salt Range). I. Archaeolithothamnium. 
Proc. Nat. Inst. Sci. India. 48(4): 30-308. 
Idem (953). On Lithophyllum wynnei sp. nov. 
( Corallinaceae ) from the Laki ( Lower Eocene ) 
beds of the Nammal Gorge, Punjab Salt Range. 
Jour. Sci. Indust. Res. i2B(3): 86-87. 
Idem (953a). An algal flora from the Laki 
(Lower Eocene) beds of the Nammal Gorge 


4 


( Punjab Salt Range). II. Mesophyllum. Proc. 
Nat. Inst. Sci. India. 49(3): 349-355. 

WAAGEN, W. (88). Productus limestone group. 
Pal. Ind. Ser. 3. (i-3): i-328. 

Watton, J. (925). On a calcareous alga belong- 
ing to the Triploporelleae ( Dasycladaceae ) from 
the Tertiary of India. Rec. Geol. Surv. India. 
56(3): 23-29. 

Wynne, A. 3. ([878 ). Geology of the Salt Range 
in Punjab. Mem. Geol. Surv. India. 4: -303. 


EXPLANATION OF PLATES 


PLATE 8 


Î. Part of a thin section of the Khairabad lime- 
stone showing fragments of algae and the associated 
foraminifera. X 9. 

2. Morelletpora nammalensis, An oblique longi- 
tudinal section passing through the whole length of 
a single member. The section appears to be passing 
slightly away from the axial opening at the top, 
but passes obliquely through the opening at the 


bottom. Branches could be seen even in the 
_ lowermost sterile part. x 2. 
| 3. M. nammalensis. An oblique longitudinal 


section passing through the lower opening of the 
axial siphon but passing away from the axial open- 
ing at the top. On the right hand side in the 
transitional region is seen a sporangial stalk exhibit- 
ing an unusual course. x 2. 

4. M. nammalensis. An oblique tangential sec- 
tion passing through the sporangia of the fertile and 
transitory regions at a deeper level. x 2]. 


PLATE 


5. M. nammalensis. An oblique transverse sec- 
tion passing through the transitory region. In the 
| lower half are seen two sporangia, one on either 
| side of the axial cavity, exhibiting their outer 


openings. At this level the section appears to be 
passing through the sporangial pores. x 42. 

6. M. nammalensis. An oblique transverse sec- 
tion passing through the upper part of the transitory 
region showing both sterile and fertile branches. 
The estimated number of sporangia in this whorl 
is twenty-four. x 42. 

7. M. nammalensis. A ground tangential section 
passing distally (obviously through a level below 
the sporangial pore) showing a crowded packing 
of the sporangia resulting in hexagonal outlines. 
MIS 

8. M. nammalensis. The same slice of lime- 
stone on being ground a little more shows the hexa- 
gonal outlines more clearly. x 5. 

9. M. nammalensis. The same slice of limestone 
on being ground further shows the hexagonal 
boundaries of the sporangia getting transformed 
into oval to oblong outlines. x {5. 

0. M. nammalensis. An oblique vertical section 
passing a little away from the axial opening 
at the top. The alternate arrangement of the 
sporangial stalks in the neighbouring whorls can 
be observed very well. x 42. 

ll. M. nammalensts. An oblique transverse 
section passing through the lower transitory region 
showing sporangia. The estimated number of 
sporangia in this whorl is {4. x 42. 
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OSMONDITES SAHNIESP. NOV., A NEW SPECIES OF 
PETRIFIED OSMUNDACEOUS RHIZOMES FROM INDIA 


VISHNU-MITTRE 
Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


The paper describes a petrified osmundaceous 
rhizome discovered from near Bindrabun in the 
Jurassic of the Rajmahal Hills, Bihar. 

The specimen made up of vertically growing 
leaf bases and roots, includes three stems in it. 
Each stem has a broad sclerenchymatous outer 
cortex, surrounding a narrow inner cortex. The 
stele consists of 50-70 individual strands arranged 
in a circle surrounding the sclerenchymatous pith. 
Most of the strands are continuous with one another, 
The medullary strands are absent. The C-shaped 
leaf traces are each enclosed in a sclerotid ring with 
several protoxylem groups. Several sclerenchy- 
matous strands are found scattered in the pith of 
the trace as well as in the stipular wing. No 
sclerenchymatous tissue is noticed in contact with 
the stele of the leaf trace. 

The specimen differs from the other Jurassic 
species of Osmundites in the distribution of scleren- 
chymatous strands in the leaf bases. 


INTRODUCTION 


iR HE geological history of Osmundaceae 
l has recently been reviewed by Arnold 
(952). The only fossils with pos- 
sible Osmundaceous affinities known from 
India are the leaf impressions described as 
Cladophlebis denticulata and C. indica. 
(Saunı & Rao, 25505 60002 SAHNI, / 08 
p. 263; GANJU, 946, 9. 6] ) and Cladophlebis 
sp. (SAHNI, loc. cit.). The present specimen 
is the first petrified fossil of this family from 
India. It was discovered by the author in 
954 lying stray on the eastern slope of the 
Goalipahar bordering Hisiganj village about 
44 miles south of Bindrabun ( Brindabun ) 
dak bungalow. Bindrabun lies four miles 
north of Tinpahar Railway Station on the 
loopline in the Rajmahal Hills, Bihar. Silici- 
fied woods and poorly preserved cherty 
boulders are frequently met with in this 
locality. 


DESCRIPTION 
Osmundites Sahni sp. nov. 


The silicified specimen (Pr. l, Fic. l) 
measuring 20-2 cm. in length, 8 cm. in 
breadth and about I8 cm, in thickness is 


more or less an irregular conical piece. It 
is made up of vertically growing leaf bases 
and roots which are also visible externally. 
Within the leaf-base mantel there are three 
stems of which there is no external in- 
dication. The stems like the leaf bases are 
vertical and parallel to each other. The 
longest stem, 2-4 I--5 cm., is unbranch- 
ed. Lying close to it is another stem, 
3-4X-2:5 cm., which bifurcates to give rise 
to two branches. The third piece, about 
6x2 cm., is flattened but does not show 
any branching. These three stems lie iso- 
lated in the specimen and no.organic connec- 
tion between them is seen. 

The stem in cross-section ( PL. 2, Fic. 2; 
TEXT-FIG. ] ) measures ]-2-6 cm. in diameter. 
The outer cortex, 4-6 mm. thick, is scleren- 
chymatous and well preserved and is of light 
colour as distinguished from the dark-colour- 
ed inner cortex which is extremely narrow, 
up to about | mm. thick and devoid of 
any cellular structure. The stele, 0-8-:5 x 
0-6-0-7 cm., is more or less oval to circular 
in shape. The stele is made up of 50-70 
individual strands. Some of the strands are 
continuous but a complete continuity in all 
the strands is not met with. The xylem 
elements are well preserved and consist only 
of tracheids; parenchymatous cells being 
entirely absent. The xylem tracheid is ]2- 
i5 elements thick. At certain spots the 
tracheids show a speckled appearance the 
kind of which has also been reported in 
Osmundites skidegatensis, Osmundites dunlopi, 
and also in the living Osmundas and Todeas 
(PENHALLOW, I92; Kipston & GWYNNE- 
VAUGHAN, 907, p:76l; Pr. 45, Fic. 9), 
The speckled nature of the tracheids is due 
to the presence of more than one vertical 
series of pits on the walls of the tracheids, 
a character also seen in our specimen. 

The soft peripheral tissues such as the 
phloem, endodermis and pericycle are not 
preserved; their position in some cases is 
marked by an empty space. The pith (PL. 2, 
Fic. 3) is made up of thick-walled parenchy- 
matous cells in which no tracheids are found. 
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TEXT-FIG. À — A cross-section of a stem. x 7:5; i.c., inner cortex. 


The Departure of the Leaf trace — To begin 
with the xylem strand is a solid mass en- 
closıng the mesarch protoxylem which can- 
not be recognized ( TEXT-FIG. 2). A little 
later the island of parenchyma begins to 
appear ( TEXT-FIG. 3); it is at this stage that 
the mesarch protoxylem becomes recogniz- 
able. The island of parenchyma increases 
in size with the increase of the xylem strand. 
In the outer region the xylem strand gra- 
dually arches out and its concavity becomes 
continuous with the pith ( TEXT-FIG. 4) 
Gradually the two arms of the arch become 
constricted off one by one from the xylem 
strand which is ultimately left behind by 
the departing trace as a U- or V-shaped 
structure ( TEXT-FIGS. 5-7). 

The leaf traces so originated possess a 
single adaxial protoxylem and as a general 


rule keep their concavities facing the xylem 
ring, whether they turn oblique or retain the 
same position in which they originated. In 
one of the slices it is noted that one of the 
leaf traces shows unusually an inverse orien- 
tation with its concavity facing away from 
the xylem ring ( TEXT-FIG. 8) 

The Base of the Petiole — The leaf trace as 
it enters the petiole, increases in size, becomes 
curved and crescent-shaped. It widens to 
become a semicircle and ultimately a horse- 
shoe-shaped structure. To start with the 
protoxylem group is median and single. It 
increases and divides into two and later into 
several groups. The leaf trace is enclosed 
in a sclerotid ring. In the young leaf bases 
very few sclerotid strands are found scattered 
inside both the ring and the wings. The 
stipular wings in the proximal region of the 
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Text-Fics. 2-7 — Showing the origin of the leaf 
(306४ exe: 


petiole base are short and gradually expand 
as the petiole grows in size. The petiole 
bases measure 4-]5x 5-6 mm. in size. The 
thin-walled parenchyma surrounding the leaf 
trace and forming the tissue of the stipular 
wing is well preserved. In older leaf bases 
several sclerotid strands are found irregularly 
scattered inside the sclerotid ring and also in 
the stipular wings ( PL. 2, Fic. 4; TEXT-FIGS. 
9,0). No strands are noted in close proxi- 
mity with the xylem strand of the leaf base. 
One comparatively large and thick sclerotid 
strand is also noted in the middle of each half 
of the wing besides several small ones in this 
region. The winged petiole bases are very 
closely depressed and are undisturbed by the 
outgoing adventitious roots. These roots are 
not many and consequently several leaf 
bases remain unpenetrated. The cortex and 
the pith of the leaf trace ( PL. 2, Fic. 5) are 
made up of circular to oval parenchymatous 
cells. The phloem, pericycle and endodermis 
are not well preserved. 

The metaxylem is 3-4 elements thick 
(Pr. 2, Fic. 6) except at the incurved mar- 
gins where it is 4-5 elements thick. The 
protoxylem groups are 2-I5 in number. 
In cross-section the stelar strand is C-shap- 
ed with incurved margins and in some leaf 
bases the strand is wavy and of various out- 
lines such as the inverted V or W ( TEXT- 
FIGS. Il-]3) which may be due to pressure 
from within or due to fossilization. 

There does not seem to be any distinction 
between the leaf bases of scale leaves and 
those of ordinary leaves. 

Roots — The roots run parallel through 
the cortex of the stem in between the leaf 
bases. They also bore their way through 
the stipular wings. No case has been seen 
where the roots have penetrated through the 
sclerotid ring. They show occasional dicho- 
tomy. 

The root stele is a diarch plate ( PL. 2, 
Fic. 7). It is surrounded by a thin-walled 
outer cortex which forms a narrow zone 
and a very large thick-walled inner cortex. 
Roots arise from the leaf traces (PL. 2, 
Fic. 8) even before they become free from 
the stele of the stem. The root has been 
found to arise at one time from each margin 
of the leaf trace. 


Osmundites Sahni sp. nov. 


Diagnosis — Petrified rhizome made up 
of vertically growing leaf bases and roots 
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TEXT-FIG. 8 — A part of the cross-section of the rhizome showing an inversely orientated leaf trace. 


x 7-55; 8४.०., inner cortex. 


including variable number of dichotomously 
branched or unbranched stems. Stem, about 
i-2-6 cm. in diameter, with 4-6 mm. broad 
outer sclerenchymatous cortex, surrounding 
a narrow inner cortex; stele about 0-8--5 x 
0-6-0:7 cm., comprising 50-70 individual 
strands arranged in a ring and surrounding 
the sclerenchymatous pith devoid of xylem 
strands; most of the strands continuous 
with one another. Departure of the leaf 
traces as usual in the Osmundaceae. C- 
shaped leaf trace enclosed in a sclerotic ring 
with several protoxylem groups. Stipular 
wings made up of parenchymatous tissue. 
Several sclerenchymatous groups in the pith 
of the petiolar trace as well as in the stipular 
wings. No sclercnchyma tissue noted in con- 
tact with the stele of the trace. Root diarch 
and occasionally dichotomized. 

Locality —Goalipahar near  Hisiganj 
village, 44 miles south of Bindrabun ( Brinda- 
bun ). 

Horizon — Upper Gondwanas, Rajmahal 
series, Jurassic. 

Collection — Holotype No. 6586 of the 
Birbal Sahni Institute of Palaeobotany 
Museum where its slices and the microscope 
slides are preserved. 


COMPARISION AND DISCUSSION 


There are only two well-defined species of 
petrified Osmundites known so far from the 
Jurassic horizon, viz. O. dunlopi from the 


Jurassic of New Zealand, Central Australia 
and Queensland (Kipston & GwWYNNE- 
VAUGHAN, l907; SINNOTT, I9i4; EDWARDS, 
933; SAHNI, 920 ); and O. gibbiana from 
the Jurassic of New Zealand and Queensland 
( KIDSTON & GWYNNE-VAUGHAN, loc. cit.; 
SAHNI, loc cit.). Osmundites aucklandicus 
( MARSHAL, 926 ) described from the upper 
Jurassic of New Zealand, according to 
Edwards (loc. cit., p. 662 ), is identical with 
O. dunlopi. 

In its general anatomy O. Sahnii resembles 
O. dunlopi and differs from it in the absence 
of a continuous xylem ring, in the -presence 
of a xylem parenchyma in the leaf trace and 
in the absence of the sclerotid strands in 
immediate contact with the leaf trace and 
also in the origin of the root traces ( KIDSTON 
& GWYNNE-VAUGHAN, i907, pp. 760-763 ). 

In the nature of the xylem ring with some 
distinct medullary rays the specimen resem- 
bles O. gibbiana. The Rajmahal fossil fur- 
ther resembles it in the presence of xylem 
parenchyma in the leaf trace and also in the 
absence of the sclerotid strands in immediate 
contact with the leaf trace. The origin of 
the leaf trace is also similar in both ( Kipston 
& GWYNNE-VAUGHAN, loc. cit., pp. 764-766 ). 

The Rajmahal specimen differs from ©. gib- 
biana in the origin of the root trace which 
arises in our specimen even before the leaf 
trace has become free from the xylem ring. 
The chief character in which O. Sahnii 
differs from O. gibbiana lies in the distribution 
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TEXT-FIGS. 9-]3 — Cross-sections of two leaf bases showing distribution of the sclerenchyma in 


the sclerotid ring as well as in the wings. x 4:5. 
V- or W-shaped wavy stelar strands. x 4:5. 


of sclerenchymatic strands in the stipular 
wings which in the wings of O. gibbiana are 
arranged in a single series but are irregularly 
scattered with occasionally one prominent 
strand in the wings of 09. Sahnit. 

In the nature and distribution of the 
sclerenchymatous strands in the wings and 
the sclerotid ring, O. Sahni comes closer 
to O. Kolbei, a Wealden species but differs 
from it in large number of the sclerotid 
strands in the petiole base and the absence 
of the medullary strands. 

From the other species of Osmundites 
known from the Cretaceous and the Tertiary 
horizons, O. Sahnii differs chiefly in the dis- 
tribution of the sclerotic strands in the 
petiole bases. 

Comparisons with the living Osmundaceae 
can only be made with the genera Osmunda 
and Todea, both of which possess a stelar 


4-43 — T.S. of part of leaf bases showing the inverted 


pattern as in the fossil while Leptoßteris, 
the third living genus in the family, possesses 
a solenostele. The living Osmunda is distin- 
guished from Todea by the absence of a 
transverse commissure formed by the fusion 
of the upper part of the stipular wings across 
the adaxial side of the petiole ( KIDSTON 
& GWYNNE-VAUGHAN, 907, pp. 766, 767) 
and also in the absence of the lamina on the 
fertile fronds ( COPELAND, 947, p. 2l). In 
the absence of the other vegetative and 
fertile remains of O. Sahni it is not possible 
to apply this distinction to the Rajmahal 
fossil. It is, however, believed that the 
greater continuity of the xylem and the 
smaller number of the medullary rays charac- 
terize Todea stems while the stems of 
Osmunda possess more numerous medullary 
rays (SEWARD & Forp, 90 3), p. 244). 
But there are considerable variations to be 
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found regarding this both in Todeas and 
Osmundas. Therefore, these characters may 
not help in the identification of the fossil 
with any of these two living genera ( SEWARD 
& Forp, loc. cit.; KIDSTON & GWYNNE- 
VAUGHAN, 907,-p. 767). The nature and 
distribution of the sclerotid strands in the 
petiole bases of living and fossil Todeas and 
Osmundas has been found to be a more 
reliable distinguishing character and in this 
respect the Rajmahal fossil differs from 
Osmunda regalis, Todea barbara, Osmunda 
javanica, Todea hymenophylloides, Todea 
superba, Osmunda cinnamomea and O. clayto- 
niana ( KIDSTON & GWYNNE-VAUGHAN, loc. 
cit., PL. 6, Fics. 6-2) the leaf bases of all 
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of which have entirely different type of dis- 
tribution of the sclerotid strands. 

Osmunda, the sole living representative of 
Osmundaceae in India today, is represented 
by three species, O. regalis, O. claytoniana 
and O. javanica ( BEDDOME, 892, pp. 448- 
450). O. javanica is believed by Beddome 
(loc. cit.) to be a cultivated species, O. re- 
galis is common to both the north and the 
south of India while O. claytonıana is only 
confined to North India. These three living 
species as shown above are widely different 
from Osmundites Sahnit. 

My thanks are due to Dr. K. R. Surange 
and Dr. R. N. Lakhanpal for critically 
reading the manuscript. 
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EXPLANATION OF PLATES 


PEARE MI 


l. The Specimen. Natural size. 


PLATE 2 


2. T.S. of a stem showing the outer cortex, 
0.c., inner cortex 2.c., the stelar region and pith. 
X 6. 

3. T.S. of a part of pith enlarged showing the 
thick-walled parenchymatous tissue. x 40. 


4. T.S. through a part of a leaf base showing the 
distribution of the sclerenchyma in the wing and in 
they 80020, ns: 

5. T.S. of the pith of the petiole base. x 35. 

6. A part of a petiolar stelar strand showing the 
metaxylem and protoxylem groups. x 60. m., 
metaxylem; pr., protoxylem. 

7. T.S. showing two dichotomously branched 
TOOLS 83.6, 

8. T.S. showing the origin of a root. x 36. 

9. Tracheids showing sclariform pitting in longi- 
tudinal section. x 00. 
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THE SPORE GENERA FROM THE UPPER CARBONIFEROUS 
COALS OF THE SAAR AND THEIR VALUE IN 
SIRATIGRAPHICAT/ STUDIES 


D. C. BHARDWAJ 


Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


Five new spore genera, viz. Cyclobaculisporites gen. 
nov., Foveolatisporites gen. nov., Savitrisporites gen. 
nov., Zerndtisporites gen. nov. and Kosankeisporites 
gen. nov., from the coal measures of the Saar, have 
been described. Detailed descriptions of 6 other, 
recently proposed spore genera ( BHARDWAJ, 4954 ), 
viz. Gravisporites Bhardwaj, Angulisporites Bhar- 
dwaj, Striatosporites Bhardwaj, Guthôrhsporites Bhar- 
dwaj, Potonieisporites Bhardwaj and Sahnisporites 
Bhardwaj, have also been included. 

Stratigraphic subdivisions of the Upper Carboni- 
ferous succession in the Saar have been suggested 
on the basis of variation in the microfloral assem- 
blages of the successive periods. The vertical dis- 
tribution of Sporae dispersae as well as that of the 
megaflora has been compared and shown to be 
similar. The Westphalian D in the Saar has been 
found to comprise of the combined zones of Palaeo- 
weichselia defrancei and Neuropteris ovata. The 
Stephanian in the Saar consists of two subdivisions, 
viz. Lower Stephanian lacking Westphalian in- 
fluence and the Upper Stephanian with pronounced 
Westphalian character. 


INTRODUCTION 


results of a study of Sporae dispersae 

(isolated spores, dispersed in a strata ) 
recovered from the coal seams of the Upper 
Carboniferous succession in the Saar ( Cen- 
tral Europe). Out of the 95 workable seams, 
29 seams were selected covering the whole 
succession ( TABLE | ) ranging from West- 
phalian C through Westphalian D to Stepha- 
nian. Mostly two samples from each seam 
were examined but in a number of cases even 
three samples were studied. 

The Saar coals are mostly of high volatile 
matter content ( High volatile Bituminous: 
Flammkohle) excepting those of the deep- 
lying seams which produce the valuable 
coking coals ( Medium volatile Bituminous: 
Fettkohle). These coals could be easily 
macerated by Schulze’s or Zetsche and 
Kälin’s (932) method. The latter method 
was mostly used. 

The palaeobotany of the Upper Carboni- 
ferous Coal Measures in the Saar is being 
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studied since a long time. This region is 
extraordinarily rich in well-preserved plant 
megafossils which have so far been the only 
means of stratigraphical correlation in such 
a highly faulted, limnicbasin. Asearlyasthe 
beginning of nineteenth century, Schlotheim 
(804) had dealt with fossils from the Saar 
Coal Measures. Subsequently Brongniart 
(828-38), Goldenberg ( 855-62), Andrae 
( 865-69 ) and also Weiss ( 862, 869-72 ) 
described a large number of plant fossils 
from this basin. Towards the beginning of 
the present century, H. Potonié and Leppla 
( 903-3), and then later Bertrand and 
Corsin (932), Gothan (933) as well as Bode 
(936, 94) critically studied plant remains 
from the Saar basin and drew conclusions 
regarding the stratigraphy of the beds. 
Lately Corsin ( 95) has resumed his earlier 
work and Guthörl ( 936, 940, 940a, 94], 
943, 948, 952, 952a and 953 ), through a 
series of significant publications, has con- 
siderably enhanced our knowledge of the 
palaeobotany of this area. 

The studies on the Sporae dispersae of the 
Saar coals are very few on record. The 
earliest work is that of Sahabi ( 936) who 
analysed a few coal seams of Westphalian 
age from Saar basin of which only one yielded 
well-preserved megaspores (SAHABI, loc. cit., 
Pr. 7 Fics. 6-9). The only detailed study 
available is by Zerndt ( 940) on the mega- 
spores. Zerndt (loc. cit.) describes 3 of his 
older megaspore types and two new species 
which he names Triletes laxomarginalis 
and T. saarensis. Zerndt concludes that in 
Westphalian C, his Types 20, 2l and 24 
essentially do not reach the upper limit of 
Westphalian C and thus their presence is 
indicative of Westphalian C age; in West- 
phalian D, Types ll and 25 reach their upper 
limit in oldest strata, Type 47 ends in the 
middle part and in the youngest part, Types 
4, 44 and 3] are characteristic, of which the 
former two reach their upper limit within 
that part. Stephanian is characterized by 


9 


| 
i20 THE PALAEOBOTANIST | 
| 


a large number of Type ila, although it 
appears for the first time as early as youngest 
Westphalian D. 

It will be apparent that the miospores 
of Saar coals have not been studied at all 
so far and the megaspore studies by Sahabi 
(loc. cit.) and Zerndt (loc. cit.) are accom- 
plished under the older taxonomic concept, 
grouping all megaspores into a single genus 
Triletes Reinsch (compare ScHopr, 938; 
PoToNIÉ & KREMP, 954). 

The system of classification followed here 
is that used by Potonié and Kremp ( 954 ), 
excepting a few new series which have been 
proposed to admit some new genera. In 
spite of the fact that this system can be 
substantially improved to make it more 
morphological than at present, I refrain to do 
so as the time is not yet ripe unless I may 
venture to suggest a slightly modified new 
scheme thus adding to the large number of 
systems already existing. Our express need 
is to circumscribe homogeneous spore species 
and genera as far as possible, by detailed 
morphographic studies so that they are 
of real utility in the geological work. In the 
meantime, valuable studies on the in situ 
spores like those by Chaloner ( 953, 953a ) 
will increasingly bring the phylogeny of the 
dispersed forms to light and give us better 
knowledge about the structural morphology 
of the spores to formulate a morphological 
system of classification. 


SYSTEMATIC DESCRIPTION 


I have referred the spores and pollen grains 
recovered from the Saar coals to 45 spore 
genera as listed below: 

Super-division — Sporites H. Pot. 

Division — Triletes (Reinsch) Pot.& Kr. 

Subdivision — Azonotriletes Luber 

Series — Laevigati ( 3. & K.) Pot. & Kr. 

l. Genus Levotriletes (Naum.) Pot. & Kr. 
2. Genus Calamospora S.W. & B. 
3. Genus Granulatisporites Ibrahim 
4. Genus Cyclogranisporites Pot. & Kr. 

Series — Apiculati ( 3. & K.) Pot. & Kr. 
5. Genus Planisporites (Knox) Pot. & Kr. 
6. Genus Lophotriletes (Naum.) Pot. & Kr. 
7. Genus Raistrickia (S. W. & B.) Pot. 

Ck 
8. Genus Converrucosisporites Pot. & Kr. 
9. Genus Cyclobaculisporites gen. nov. 
0. Genus Schopfites Kosanke 
l. Genus Tuberculatisporites ( Ibr.) Pot. 

& Kr, 


] 
l 


Series — Murornati Pot. & Kr. | 

2. Genus Microreticulatisporites (Knox) | 

emend. 

3. Genus Foveolatisporites gen. nov. 
Subdivision — Lagenotriletes Pot. & Kr. 

4. Genus Lagenoisporites Pot. & Kr. 

5. Genus Setosisporites Pot. & Kr. 
Division — Zonales ( B. & K.) Pot. & Kr. 
Subdivision — Auritotriletes Pot. & Kr. 
Series — Auriculati (Schopf) Pot. & Kr. 

6. Genus Triquitrites ( Wils. & Coe ) Pot. 

& Ker. 

7. Genus Savitrisporites gen. nov. 

8. Genus Valvisisporites (Ibr.) Pot. & Kr. 
Subdivision — Zonotriletes Waltz. 
Series — Cingulati Pot. & Klaus. 

9. Genus Gravisporites Bhardwaj 

20. Genus Lycospora S.W. & B. 

2l. Genus Densosporites (Berry) Pot. & 

Kr. 

22. Genus Cristatisporites Pot. & Kr. 

23. Genus Cirratriradites Wils. & Coe 

24. Genus Angulisporites Bhardwaj 

25. Genus Bentzisporites Pot. & Kr. 

26. Genus Triangulatisporites Pot. & Kr. 

27. Genus Zerndtisporites gen. nov. 
Series — Zonati Pot. & Kr. 

28. Genus Zonalesporites (Ibr.) Pot. & Kr. 

29. Genus Radiatisporites Pot. & Kr. 
Division — Monoletes Ibr. 

Subdivision — Azonomonoletes Luber 

30. Genus Laevigatosporites Ibr. 

3l. Genus Latosporites Pot. & Kr. 

32. Genus Punctatosporites Ibr. 

33. Genus Verrucososporites (Knox) Pot. 

Scr. 

34. Genus Striatosporites Bhardwaj 

35. Genus Torispora Balme 
Division — Cystites Pot. & Kr. 

36. Genus Cystosporites Schopf. 
Super-division — Pollenites R. Pot. 
Division — Saccites Erdt. 

Subdivision — Monosaccites Chitaley 

37. Genus Endosporites Wils. & Coe 

38. Genus Florinites S.W. & B. 

Series — Triradites ( Pant) emend. 

39. Genus Wilsonia Kos. 

40. Genus Guthörlisporites Bhardwaj 
Series — Vesiculomonoradites (Pant) 


emend. 


4l. Genus Potonieisporites Bhardwaj 
Subdivision — Disaccites Cookson 
Series — Monoradiati ser. nov. 

42. Genus Sahnisporites Bhardwaj 
Series — Sulcati ser. nov. 

43. Genus Kosankeisporites gen. nov. 

44. Genus Alisporites Daugherty 
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Division — Precolpates Pot. & Kr. 

45. Genus Schopfipollenites Pot. & Kr. 

Among the genera newly proposed by me 
and described here in detail, 6 are those of 
which generic diagnoses (in German ) have 
appeared in another communication ( BHAR- 
DWAJ, i954) as well. For explanation of the 
terminology used in description refer to 
Potonié and Kremp (955, pp. 9-5) and 
Text-fig. .. 


Super-division — Sporites H. Pot. 
Division — Triletes (Reinsch) Pot. & Kr. 
Subdivision — Azonotriletes Luber. 
Series — Apiculati (B. & K.) Pot. & Kr. 


Cyclobaculisporites gen. nov. 
Pl. 4, Figs. -3 


Genotype—Cyclobaculisporites ( Punctatisp.) 
grandiverrucosus (Kos., 943) comb. nov. 

Generic Diagnosis — Miospores of circular 
shape, trilete rays distinct, low and less 
than 3 spore radius in length. Exine surface 
thickly set with baculae of uniform height 
but widely ranging width. Each baculum is 
broad, basal diameter equal or less than api- 
cal diameter and apex truncate or with slight 
curvature. Interbacular spaces uniformly 
very narrow. 

Description — Medium-sized miospores of 
circular shape tending to appear sub-circular 
in irregularly flattened specimens. Trilete 
apparatus functional, rays distinct, low, ex- 
tending less than ? length of the radius (PL. l, 
Fic. JA). Labra thin and appear wavy due 
to baculae which are distributed closely along 
the rays. Margin irregularly broken due to 
baculae which are of uniformly equal height 
but of widely differing width. The broadest 
baculum does not exceed twice its height in 
width. The baculae have a truncated or 
slightly curved top. The diameter of the 
base of baculum is less or equal to that at 
the top. In surface view the baculae are vari- 
ously shaped and equidistant from adja- 
cent ones. The interbacular spaces appear 
as a narrow, bright reticulum (negative ) in 
deep focus ( PL. , Fics. IA and IC). 

Comparison — Verrucosisporites (Ibr.) Pot. 
and Kr. distinguishes itself by the nature of its 
verrucae ( vide POTONIÉ & KREMP, 955, PL. 
3, Fic. 96) which are broader at the base 
than at the top. In Raistrickia (S.W. & B.) 
Pot. & Kr., the nature and distribution of 
baculae is distinctly different from Cyclo- 
baculisporites. 
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Convolutispora, as the photograph of the 
diplotype ( HOFFMEISTER et al., [955, PL. 98, 
Fic. 6) shows, has pila for its sculpture. 
Pilate spores of this type have not been 
observed in strata younger than Westphalian 
C. One spore remarkably similar to the 
diplotype of Convolutispora has been figured 
by Potonié and Kremp (955, Pr. 3, Fic. 
204) as Verrucosisporites firmus Loose. As 
compared toC yclobaculisporites, the ornamen- 
tation of Convolutispora, Verrucosisporites 
and Ratstrickia is given in Text-fig. 2. 

Discusston — The species comprising the 
genus Cyclobaculisporites were earlier refer- 
red to Verrucosisporites by Imgrund ( 952). 
Verrucosisporites is a genus instituted by 
Ibrahim for some forms of Westphalian C. 
On an examination of Ibrahim’s types it 
became clear that the verrucae in Verrucosi- 
sporites are triangular in sectional view, with 
a broad base and a narrow rounded apex. 
The structure of baculae in Cyclobaculisporites 
( TEXT-FIG. 2A) is so characteristically 
distinct from verrucae of Verrucosisporites 
( TEXT-FIG. 20 ) that the former had to be 
separated from the latter. So far, Cyclobaculi- 
sporites has not been observed below upper- 
most Stephanian of the Saar. 

The following species belong to this genus: 

l. C. ( Punctatisp.) grandiverrucosus ( Kos.) 
combs nov: (PL. i, Die). 

2. C. (Verrucosisp.) sinensis ( Imgr.) comb. 
nov (Pr. i, Fie: 200 

3. C. ( Verrucosisp.) ovimammus ( Imgr.) 
comb. nov. (Pr. I, Fie. >53). 


Cyclobaculisporites ( Punctatisp.) grandiver- 
rucosus ( Kos.) comb. nov. 
आग Fig. | 


Holotype — Kosanke, 943, Pl. 3, Fig. 4. 

Diagnosis — 70-90 y, circular, baculae 0-5- 
4 u, mostly 2-3 u in diameter, interbacular 
space not more than 0-5 u, 70-90 baculae 
along the margin. Rays less than 4 of the 
radius of the spore. 

Description — Trilete, radial, circular, dark 
brown miospores. The margin is occupied 
by 70-75 baculae which, in the specimens 
from the Saar coals ( Pr. IA, Fic. l), stand 
very closely together. In the largest speci- 
mens up to 90 baculae could be counted. 
Trilete mark is distinctly seen. Vertex and 
labra are low, partly shaded by the baculae. 
Rays 28 u, less than 3 of spore radius. 
Pl. I, Fig. C, shows the unequal size and 
irregular shapes of baculae in sectional view 


TExt-Fic. | — A, bilateral spore in equatorial section ( plane ) or polar ( proximal ) view. 3, bilateral 
spore in meridional section ( plane ) or lateral view ( 8-9, equatorial axis; b-b, lateral axis; c-c, pol-axis; 
x, vertex; y, labra; z, distalpole). 
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TEXT-FIG. 2 — Sculptural elements of A, Cyclobaculisporites; B, Convolutispora; C, Verrucosisporites ; 


D, Raistrickta. 


and a $ u thick negative reticulum which 
builds polygonal meshes and reflects upon 
the closeness of the baculae. 

Comparison — Cyclobaculisporites ( Verru- 
cosisporites) ovimammus (Imgr.) comb. 
nov. is bigger in spore size and usually has 
thicker baculae. C. ( Verrucosisporites) sinen- 
sis (Imgr.) comb. nov. is nearly equal in 
spore size but has distinctly smaller baculae. 

Occurrence — Grenzkohlen seam ( Stepha- 
nian C ), Labach mine, Saar-Pfalz 


Verrucosisporites ( Ibr.) emend. 


In view of the separation of two new 
genera, viz. Cyclobaculisporites and Convoluti- 
spora, from the genus Verrucosisporites ( Ibr.) 
Pot. and Kr. (954, 955), the latter’s diag- 
nosis is emended as follows: 

“Trilete iso- or microspores of circular out- 
line and without other differentiation than 
the warty exoexine, its warts being closely 
set and often bigger than the grana of 


Granulatisparites but not so uniform in size. 
The base of wart broader than its bluntly 
conical or flat apex.” 


Series Murornati Pot. & Kr. 
Foveolatisporites gen. nov. 
Pl. , Fig. 4 


Genotype — Foveolatisporites ( Punctatispo- 
rites) fenestratus (Kosanke & Brokaw ) 
comb. nov. 

Generic Diagnosis — Miospores with cir- 
cular outline; margin uneven due to low, 
smooth muri which are broader at the base 
than their height. The muri build a conti- 
nuous extrareticulum enclosing oval to poly- 
gonal meshes. In the centre of each mesh 
a foveola is present. A distinct trilete mark 
of the normal type usually not present and 
instead, thickenings arranged in the form 
of a Y denoting the contact zone while 
in tetrad condition, or a vestigial Y-mark 
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may be noticed on the proximal side. Exine 
thick. 

Description — Brown to dark brown mio- 
spores of circular form, margin uneven, 
showing wavy outline due to the presence 
of murt which are triangular in vertical sec- 
tion. The apex of the mura is rounded and it 
is mostly less high than its width at the 
base. In surface view the muri are smooth, 
i.e. without any projections or teeth, and 
build a continuous extrareticulum which 
encloses oval to polygonal meshes. The 
width of the meshes at the top, from muri 
to muri, is up to 6 u but at the bottom of the 
meshes a smaller foveola is usually present. 
When the muri are flattened, the outlines of 
the meshes become indistinct but the 
foveolae are always distinct. Trilete appa- 
ratus is seen only in traces and mostly not 
visible. The place of contact with other 
spores of the tetrad is either not at all seen 
or only as indistinctly raised, slightly curved 
lines, arranged in a Y-shape, and the area 
contagionis in such cases appears slightly 
depressed. In only one of the species 
referred to this genus, viz. F. ( Punctatisp.) 
foveatus ( Kosanke ), the trilete mark is sen 
reasonably distinct although the rays are 
very small, unequal and curved. In this 
species the outlines of meshes are also not 
distinct but the characteristic foveolae are 
unmistakable. The exine of spores belong- 
ing to this genus is thick and normally no 
secondary folds are formed on flattening and 
neither does the spore wall rupture along the 
Y-mark thus denoting its vestigial nature. 

Comparison —- The circular form, the re- 
gular, continuous extrareticulum whose meshes 
invariably enclose a central foveola, and the 
usual absence of a distinct Y-mark distin- 
guish Foveolatisporites from the genus Micro- 
reticulatisporites ( Knox, 950) as emended 
below, which possess triangulate forms 
with a distinct Y-mark. Verrucosisporites 
(Ibr.) comb. nov., distinguishes itself by 
the presence of a distinct Y-mark and 
the absence of foveolae. 

Distribution — In Saar coals, Foveolati- 
sporites is restricted to Westphalian D and 
Lower Stephanian horizons. In Ruhr coals 
these are restricted to Westphalian C and 
in Osnabriick coals to Westphalian D. In 
Illinois coals, according to Kosanke ( 950 ), 
this genus extends from Westphalian C to 
Lower Stephanian. This genus has not been 
reported either from Kaiping basin ( China ) 
by Imgrund (952) or from Australia. 
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From the information available so far on 
the distribution of this genus, it is apparent 
that the presence of the species of Foveolati- 
sporites indicates the younger horizons ( West- 
phalian C, D and Lower Stephanian ) of the 
Upper Carboniferous. 

The following species are assigned to 
Foveolatisporites: 

l. F. (Punctatisp.) fenestratus (Kos. & 
Brok.) comb. nov. 

2. F. ( Punctatisp.) foveosus ( Kos.) comb. 
nov. 

3. F. ( Punctatisp.) quaesitus ( Kos.) comb. 
nov. 

4. F. ( Punctatisp.) foveatus ( Kos.) comb. 
nov. 

Two other species, namely Reticulatisporites 
irregularis Kos. (950) and R. magnus 
Butt. and Will. (954), appear to combine 
the characters of Foveolatisporites and Reti- 
culatisporites. 


Foveolatisporites ( Punctatisp.) fenestratus 
( Kos. & Brok.) comb. nov. 


Pl. 4, Fig. 4 


950 — Punctatisporites  fenestratus SP. 
nov. Kosanke and Brokaw in Kosanke 
(950 ) — Ill. Geol. Surv. Rept. Invest. 74, 
ike 
‘ 954 — Microreticulatisporites  ( Puncta- 
lisp.) fenestratus (Kos. & Brok.) Butt. 
and Will. (954)— Ann. Mag. Nat. Hist. 
Ser lZ, Velo Vl bape: 

955 — M. ( Punctatisp.) fenestratus ( Kos. 
& Brok.) Butt. and Will. in Potonié and 
Kremp ( 955 )— Palaeontogr. 98B. p. 98. 


Holotype — Kosanke 950, p. 5, Pl. 2 
Fig. 0. 

Diagnosis — Size 68-90 (५, circular, margin 
with 70 muri, each mura :5 u high with 
rounded apex. Foveola in the meshes 2-3 u 
in diameter and oval to polygonal. Y-mark 
not visible but instead three curved ridges, 
probably representing the contact ridges of 
the tetrad, faintly discernible. 

Description — Circular dark brown mio- 
spores. Margin wavy due to muri which 
are triangular in sectional view having :5 u 
broad base. The muri are :5 u high and 
have rounded apices. In surface view the 
muri build a closed network, each mesh in- 
cluding in its centre a foveola. A distinct 
Y-mark has never been seen and presumably 
does not occur in these spores. Frequently 
three contiguous depressions with the region 
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between them slightly raised in the form of 
a Y is all what represents a trilete mark. 
Exine is thick and may occasionally be 
folded along the periphery in flattened fossil 
spores. 

Occurrence — Westphalian D — Stephanian 
A (Saar). 

Discussion — Potonié and Kremp (955) 
have described a number of circular forms in 
Microreticulatisporites, e.g. M. microtuberosus 
(Loose), M. reticuloides ( Kos.), M. sifati 
(Ibr.) and M. verus n. sp., none of which 
resembles the type of the species constitut- 
ing Foveolatisporites. At the same time I 
suspect that in all these species there does 
not exist any real extrareticulum as the 
muri are not continuous and what appears 
as reticulum is mostly due to coalescence 
of verrucae. It is for this reason that 
what are identified as muri are wavy 
and the meshes are elongated, curved 
and of various other sorts (see POTONIÉ 
OC KRrewy,<4955, Pr. 5, Fic. 28le). In 
my opinion it is preferable to refer M. 
microtuberosus (Loose), M. reticuloides 
( Kos.), M. sifati ( Ibr.) and M. verus ( Pot. & 
Kr.) to Verrucosisporites (Ibr.) comb. nov. 


Microreticulatisporites ( Knox ) emend. 


Genotype: — Microreticulatisporites lacuno- 
sus ((Ibr.)- Knox,, 20 0; 

Generic Diagnosis — Trilete miospores, 
shape triangular, exine extrareticulate, reti- 


culum toothed and enclosing small meshes____ 


whose diameter does not exceed 3 (५. Mostly 
the meshes are smaller. Trilete mark dis- 
tinct and well developed. 


Division — Zonales (B. & K.) Pot. Kr. 
Subdivision — Auritotriletes Pot. Kr. 
Series — Auriculati (Schopf ) Pot. Kr. 


Savitrisporites gen. nov. 
Pl. i, Fig. 5 


Genotype — Savitrisporites triangulus sp. 
nov. 

Generic Diagnosis — Triangular miospores 
having broad angles. Trilete mark distinct, 
rays not reaching equator but ending at the 
inner margin of a prominent cingulum. 
Exine irregularly thickened, glossy on the 
proximal surface but ornamented on the 
distal side. The angles are slightly thick- 
ened. 

Description — Triangular, dark brown mio- 
spores, having rounded or broadly flatten- 


(४4% 


ed angles. Sides are straight but crenate in 
outline due to broad sculpture on dorsal and 
lateral sides. Proximal side bears a distinct 
trilete mark, apex and vertex low, labra thin 
and rays ending at the inner margin of a 
wide cingulum ( TEXT-FIG. 3A). The ends 
of rays are neither broadened nor bifur- 
cated. Cringulum wide, up to one fifth dia- 
meter of the spore, being broadest at the 
angles where the exine shows darker colour 
apparently due to greater thickness. The 
exine on proximal side is unornamented, 
transparent and glossy. On distal side the 
exine is heavily sculptured having large cont 
which frequently join each other into short 
ridges ( TEXT-FIG. 3B ). 

Comparison — In view of the angular 
thickening and triangular shape I refer it to 
the Series Auriculati (Schopf) Pot. & Kr. 
The presence of cingulum makes it equally 
eligible for inclusion in series Cingulati. This 
form cannot belong to series Zonati as the 
cingulum is thick. As compared to the other 


> 
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TEXT-FIG. 3 — A, polar view; B, lateral view. 
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miospore genera of these series the form 
under consideration is distinctly different. 
Rotaspora Schemel is not only very small 
but also its cingulum is more developed in 
between the angles than along them, a 
condition which is just opposite to what is 
found here. As compared to Simozonotri- 
letes (Naumova ) Pot. & Kr., Savitrisporites 
differ in having crenate sculpture on the 
distal and lateral sides, otherwise it agrees 
with Simozonotriletes in other details. In 
view of the development of thickening on 
the angles, this form can be compared to 
Triquitrites from which it differs in having a 
continuous cingulum all round. Therefore, I 
regard this form as a new genus, naming it 
in honour of Mrs. Savitri Sahni, President 
of the Palaeobotanical Society and the 
Governing Body of Birbal Sahni Institute 
of Palaeobotany, Lucknow ( India ). 
Discussion — Morphologically, the pre- 
sence of cingulum is a noteworthy charac- 
teristic. The cingulum is a continuous broad 
band outside the germinal area, as the trilete 
rays do not continue over it. This condition 
is different from many cingulate genera 
grouped under Cingulati. A more signi- 
ficant combination of features is the tri- 
angular shape and the thickening on the 
angles which suggest close morphographic 
affinities with Triquitrites. I consider the 
characteristics in Savitrisporites to have 
originated as a result of extreme specializa- 
tion in some variation of Triquitrites com- 
parable to that found in Tripartites. 


Savitrisporites triangulus sp. nov. 


Holotype — Pl. l, Fig. 5. 

Diagnosis — Size 53-65 u, holotype 60 u; 
triangular miospores with rounded angles, 
Y-mark distinct, lips very thin and low, 
rays 25 u long, vertex and contravetrex not 
visible. Spore body with equatorial, 5-6 u 
broad, continuous cingulum which is slightly 
more developed at the angles. Distal side 
strongly sculptured bearing coni united to- 
gether in the form of peaked ridges. 

Descrit tion — Brown, triangulate spores 
with straight sides and broadly rounded 
angles. Spore is surrounded by a conti- 
nuous, thick equatorial cingulum which is 
toothed along the sides and appears more 
developed at the angles being darker 
and denser in this region. The Y-mark 
is very distinct but the rays are very slen- 
der and extend right up to the cingulum. 
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Between the rays the exine is smooth and 
appears to be thin as compared to the 
cingulum where it is darker. The distal 
side is strongly sculptured having peaked 
ridges. 

Occurrence — Stephanian A (Saar). 


Sub-division — Zonotriletes Waltz. 
Series — Cingulati Pot. & Klaus. 


Gravisporites Bhardwaj ( 954 ) 
Pl. , Fig. 6 


Genotype — Gravisporites sphaerus* (Butt. 
& Will.) Bhardwaj (954, TEXT-FIG. 2). 

Generic Diagnosis — Oval to cyclo-tri- 
angulate. Miospores with massive, equa- 
torial crassitudo. Trilete mark with thick 
straight rays not extending up to the equator; 
vertex higher than the width of tecta. 
Exine, apart from the crassitudo, thin; over 
all ornamented with closely spaced, fine 
grana. 

Description — Brown, medium-sized mio- 
spores of roundly triangular oval to sub- 
circular shape. Trilete mark prominent due 
to dark colouration of its heavy rays. Rays 
do not reach the equator but end sub- 
equatorially. Labra broad, apex and vertex 
high, the latter ending abruptly a short 
distance behind the equator. Along the 
margin, a broad, dark and dense zone of 
5-70 u width is seen. In between this peri- 
pheral, dense zone and the darkened trilete 
rays, the exine is translucent and lighter 
in colour. Evidently the peripheral zone 
is darker due to the heavily thickened exine 
in this region ( TEXT-FIG. 5). On the distal 
side, beyond the dense peripheral zone the 
exine is thin. The surface ornamentation 
consists of minute, densely placed grana 
with irregularly interspersed groups of large 
verrucae. 

Reconstruction — The usually polar flatten- 
ing suggests a smaller polaxis than equa- 
torial axis. The same conclusion is also 
conveyed by the presence of a narrow fold 
on the distal side of spores indicating small 
curvature of the distal side (see figures 
of diplotype — BUTTERWORTE & WILLIAMS, 
954). The secondary fold on distal side 
never extends to the equator but ends at 
the inner margin of the dense peripheral 


*I take this opportunity to correct the ending 
in the specific name which was published earlier 
( BHARDWAJ, 4954) as sphaera, to sphaerus in keep- 
ing with the generic name Gravisporites. 
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zone ( TEXT-FIG. 4) indicating that the 
exine, in the denser equatorial zone, is 
thicker and hence the fold does not extend 
through it. The thickened nature of exine 
along the equator is also suggested by the 
dense and dark appearance of this zone like 
that of the elevated rays of trilete mark. 

Comparison — The broad and elevated 
trilete apparatus and the broad peripheral 
thickened zone are the most characteristic 
distinguishing features of this genus. Some 
miospores at present included in Plani- 
sporites also have subequatorially thickened 
spore wall ( Crassitudo ) but lack the elevat- 
ed and prominent trilete mark. Cadiospora 
Kosanke differs in having a broad equatorial 
cingulum and broad rays with bifurcated 
ends. The latter character, as concluded 
by Kosanke, suggests that the equatorial 
zone is constituted by thickened arcuate 
ridges. Unfortunately the morphology of 
the equatorial zone is not clearly described 
by Kosanke, still from what can be made 
out of the photograph of the genotype, it 
appears that the thickening is more pro- 
minent towards the inner side rather than 
along the equator where it is distinctly thin, 
implying thereby that such an equatorial 
thickening could not be of the nature of 
crassttudo as is met with in Gravisporites. 
The cingulum in Cadiospora is more of the 
type met with in Lycospora. 

Discussion — The sub-triangulate shape 
and smaller polaxis brings this genus near 
to other triangulate genera as Triquitrites, 
Savitrisporites and. the like. The sub-equa- 
torial thickening of the exine is comparable 
to the sub-equatorial cingulum observed in 
some megaspore genera, e.g. Bentzisporites. 
Although apparently this genus indicates 
some relation to Cingulati, still its inclusion 
within the latter should preferably be treated 
as provisional. 


TEXT-FIG. 4 
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TEXT-FIG. 5 — A, polar view; B, lateral view. 


Angulisporites Bhardwaj (954) 
Pl. , Figs. 7, 8 


Genotype— Angulisporites splendidus Bhar- 
dwaj (954, TEXT-FIG. 4). 

Generic Diagnosis — Triangular miospores 
with broad equatorial cingulum. Angles 
bluntly pointed and sides convex. Trilete 
mark with thin, straight rays reaching up to 
the equator of the cingulum. Exine orna- 
mented with grana. 

Deseription — Triangular, bright brown 
miospores having bluntly pointed angles and 
convex sides. Central body denser, of the 
same outline as the shape of the spore and 
distinctly demarcated by a thin line from a 
peripheral, uniformly broad, lighter coloured 
cingulum. Trilete mark distinct and always 
seen without difficulty. Apex and vertex 
slightly elevated, Jabra little developed, rays 
straight and extend to the equator of the cın- 
gulum reaching the tip of the angles. The 
median region of the cingulum shows a sub- 
peripheral, darker, dense line which glistens 
and is evidently due to greater thickening 
of the exine in the middle of the cingulum. 
Exine translucent, minutely granulate or 
rugate and mediumly thick. 

Reconstruction — The separation of the 
central body from the surrounding cingulum 
by a well-defined line and also the difference 
in the density and colour of the two parts 
leave no doubt that these are distinct from 
each other ( TEXT-FIG. 6A). That in such 
cases where the spore shows secondary folds, 
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these should be restricted to the central body, 
suggests that the body is not continuous with 
the cingulum. The cingulum, which is never 
folded, is presumably solid. The glistening, 
sub-peripheral thickening in the middle of the 
cingulum denotes that the latter is pyramidal 
in cross-section ( TEXT-FIG. 6B ). 

Comparison — Among the triangular, cin- 
gulate miospore genera, none corresponds to 
such simple structure as described here. 
Galeatisporites Pot. & Kr. has a dissected 
cingulum with large coni and Mirisporites 
Pot. & Kr. has a broad cingulum of wavy 
outline, having large peg-like radial out- 
growths extending into the cingulum. Cir- 
ratriradiates Wils. and Coe has a radially 
striated cingulum with dentate margin and 
thick, heavy central body with characteristic 
depressions on the distal side. Another 
morphographically comparable genus is Tri- 
angulatisporites which, however, is a mega- 
spore. 

Discussion — The cingulum, in view of its 
individualistic nature, appears to be equa- 
torial although still forming a part of the 
trilete apparatus. Morphographically the 
genus appears to be highest evolved of all 
cingulate genera. The variable character- 
istics of taxonomic importance are overall 


TEXT-FIG. 6 — A, polar view; B, lateral view. 
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size and greater width of the cingulum in 
proportion to spore radius. 


Zerndtisporites gen. Nov. 
PI. 4, Figs. 9, 0 


Genotype — Zerndtisporites ( Triletes ) laxo- 
marginalis ( Zerndt ) comb. nov. 

Generic Diagnosis — Trilete megaspores 
with an equatorial, very broad, delicate and 
thus usually broken, cingulum. Central body 
sub-circular or circular. Trilete rays distinct, 
not high and not extending into the cingulum. 
Exine brownish, matt and sculptureless. 

Description — Trilete, medium-sized mega- 
spores of presumably circular or triangular 
shape. The spore possesses a delicate, wavy, 
very broad cingulum along the equator. 
This cingulum has never been found com- 
pletely preserved as it crumbles easily. 
Central body is sub-circular or circular. 
Trilete rays distinct and ending at the margin 
of central body. Tecta usually open, labra 
flattened and slightly wavy. Exine brownish, 
0-20 u. thick, having matt and sculptureless 
surface. Sometimes small swellings have been 
observed on distal surface of the spores which 
are not original. 2 

Comparison — Triangulatisporites Pot. & 
Kr. distinguishes itself through the exten- 
sion of its tecta into the cingulum as well as 
the radially striated sculpture on proximal 
side and reticuloid sculpture on distal side. 
Triangulatisporites is also smaller in size. 
Zonalesporites shows a sub-equatorial, radially 
striated zona in which the trilete rays extend 
to the margin. Zonalesporites glaber Pot. & 
Kr. has a wide, wavy, sculptureless zona, 
but it is thick and heavy as well as the 
trilete rays extend into it. 

Discussion — This spore was described by 
Zerndt ( 940) from the Saar basin and has 
not been reported from any other basin so far. 
Zerndt supposed the organization of this 
spore to be like Triangulatisporites (T. tri- 
angulatus Zerndt) so much so that he did 
not assign this spore any new type and 
retained it as a form of Type 7 (I7a). For 
stratigraphic considerations Z. laxomarginalis 
was always considered by Zerndt as included 
in T. triangulatus (770७०) From the 
redescription of this spore it is evident that 
it is quite distinct from Triangulatisporites, 
the chief distinction being in the nature of 
the cingulum in the two cases. The extension 
of the trilete rays into the cingulum in Tri- 
angulatisporites and their restriction to the 
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central body in Zerndtisporites gives a differ- 
ent morphological status to the cingulum 
in these two contending genera. It may be 
interpreted that whereas the cingulum in 
Triangulatisporites is a modification of ar- 
cuate ridges and thus a part of germinal 
features, in Zerndtisporites it has no such 
relation and is presumably an independently 
developed equatorial extension ( perisporial ?). 


Zerndtisporites (Triletes ) laxomarginalis 
( Zerndt ) comb. nov. 


Pip i, Bigs 0, LO 


940. Triletes laxomarginalis n. sp.; Type 


l7a. Zerndt. Palaeontographica. Bd. 
EXXXIV, Part BP. 30 Pl. X, Bigs. 24:28. 
944. Triletes  laximarginalis  Zerndt. 


Schopf, Wilson and Bentall. Illinois Geol. 
Surv. Rept Invest. Il, p. 23. ( The differ- 
ence in the spelling of the specific name as 
compared to the original, apparently, is due 
to an error in printing.) 

946. Triletes laxomarginalis Zerndt. Dijks- 
tra et al. Medeelingen Geol. Sichting. Serie 
C-III-I-Nr. l, 9. 54. 


Holotype — Zerndt, 940, Pl. .0, Fig. 28. 

Diagnosis — Spore diameter I-l-l:4 mm.; 
holotype l-38 mm., central body oval to 
circular, surrounded equatorially by a broad 
membraneous and wavy cingulum but with- 
out regular radial streaks. So far, in all the 
macerated specimens, cingulum has always 
been found to be fragmented and evidently 
membraneous and fragile. From acomparison 
of all specimens found by me and also from 
the illustrations of Zerndt (940), it is evident 
that the cingulum is equally broad all around 
the central body and the spore apparently had 
either an oval-circular or triangular outline 
( Text-FIG. 7A and B). The width of the 
cingulum must have been at least 5 the 
radius of the central body. The trilete rays 
reach up to the edge of the central body. 
The labra are mostly a little meandering 
presumably due to raised nature of tecta. 
Arcuate ridges not discernible. The surface, 
especially of the central body, is so finely 
verrucose as to appear almost smooth by 
normal ( x 50) magnification. The cingulum 
is also of similar sculpture. 

Occurrence — Seam D, 
Flamm, Saarland. 


Mine  Reden- 


Division — Monoletes Ibr. 
Subdivision — Azonomonoletes Luber. 
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TEXT-FIG. 7. 


Striatosporites Bhardwaj ( l954 ) 
| 


Genotype — Striatosporites major Bhardwaj 
(954, TEXT-FIG. 6). 

Generic Diagnosis — Monolete spores, equa- 
torial form ovaloid, meridian form bean 
shaped; monolete mark straight and extend- 
ing up to the equator. Extrema lineamenta 
sparsely notched. Canaliculate canals are 
of two kinds, firstly, some broader ones which 
run parallel to monolete mark, and secondly, 
many thin ones which run across, hetween 
the broad canals. 
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TEXT-FIG. 8. 


Description — These spores are among the 
largest of the monolete spores so far des- 
cribed. Usual shapes are elliptical, sub- 
circular or bean shaped, depending upon the 
plane of flattening. Monolete mark seems to 
extend from one end to the other although 
the functional part is not more than three- 
fourths of the length of the spore. Labra is 
little developed. Exine translucent, yellowish 
brown and is strongly folded on being 
flattened. These secondary folds run in all 
directions. The surface is ornamented in 
two series including the fewer and broader 
band-like canals extending longitudinally, 
parallel to the monolete mark, from one end 
to the other and the more numerous, thinner 
canals obliquely extending from one of the 
broad canals to the other ( TEXT-Fic. 8). 
Both series of ornamentation are more dis- 
tinct and pronounced in the middle region 
ofthespore. The canals are lighter in colour 
than the spore exine. Each canal corres- 
ponds to a groove or an indentation, seen at 
the margin. 

Comparison — None of the Palaeozoic, 
monolete spore genera shows a comparable 
ornamentation as described for Striato- 
sporites. The genus Cicatricososporites Pot. 
& Gell., also has canaliculate structure but 
the canals run parallel to the long axis only 
and they are of one kind. The genus 
Cicatricososporites is known only from Creta- 
ceous (WEYLAND & KRIEGER, 953) and 
Tertiary ( Thomson & PFLUG, 953 ) 

Discussion — This spore may be precursor 
of the younger genus Cicatricosoprites and the 
forms similar to this 


Super-division — Pollenites R. Pot. 
Division — Saccites Erdtman 
Subdivision — Monosaccites Chitaley 
Series — Triradites ( PANT, 954) emend 
Series Diagnosis — Trilete miospores with 
well-developed Y-mark on proximal side, 
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rays not extending beyond central body 
Bladder without equatorial or sub-equatorial 
thickening or a limbus 


Guthörlisporites Bhardwaj ( 954 ) 


Pl. 2, Fig. 2 
Genotype — Guthorlisporites  magnificus 
Bhardwaj (954, TEXT-FIG. 8). 

Generic Diagnosis — Circular to oval mio- 
spores. Central body distinctly recognizable 
and circular to oval; wall strongly folded. 
Proximal side of central body free, showing 
a distinct Y-mark; rays extending more 
than 4 radius of central body but never 
reaching its margin. Bladder sntrareti- 
culate, without a limbus or an equatorial, 
thickened zone. Bladder wall mostly with- 
out folds. 

Description — Trilete, circular, broadly 
elliptical or oval miospores of large size. 
Central body circular or sub-circular with 
many peripheral secondary folds, dark brown 
in colour and bearing a distinct trilete mark 
( TEXT-FIG. 9). Vertex and apex low, labra 
slightly elevated, rays straight and extending 
up to two-thirds of the radius of the central 
body. Bladder continuous all around, cover- 
ing the central body but for the free proximal 
side bearing the trilete mark. Surface of blad- 
der laevigate, internal surface intrareticulate 
enclosing small meshes. On flattening, the 
bladder does not fold. Themargin of the blad- 
der lacks a limbus or a marginal thickening 

Reconstruction — In view of the well- 
developed trilete mark borne by the central 
body it seems that the proximal side of the 
spore is free, the bladder covering the distal 
side. The many small or large secondary 
folds observed in the wall of central body 


TEXT-FIG. 


9— Line drawing of the diplot ë 
x 500. er 
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TEXT-FIG. {0 — à, polar view; b, lateral view. 


are suggestive that the central body is + 
spherical having strong curvature in its wall. 
To accommodate this curvature on flatten- 
ing, the wall was folded into a number of 
semi-lunar folds along the periphery of the 
central body ( TEXT-FIG. 0). 

Comparison — Florinites lacks a distinct 
trilete mark, the central body is free on 
distal side and is very thin walled as well as 
faintly distinguishable. In Endosporites the 
wall of the central body is not secondarily 
folded, trilete rays extend beyond central 
body, the bladder has a limbus and the 
structure of the bladder wall is finer. Wil- 
sonia has a very faintly discernible central 
body. 

Discussion — The genus appears to be 
allied to such monosaccate genera as Wil- 
sonia and Schulzospora. Endosporites and 
Microsporites, which possess equatorial ex- 
tensions what have been called limbus 
( PoToNIÉ, 952) or thickening (CHALONER, 
i953), are, evidently, morphologically dif- 
ferent from Guthörlisporites. 


Series — Vesiculomonoradites (Pant) 
emend. 

Series Diagnosis — Miospores with one 
bladder and a monolete slit of dehiscence. 


Potonieisporites Bhardwaj (954 ) 
Pl. 2, Figs. 3, 4 


Genotype — Potonieisporites saarensts Bhar- 
dwaj (954, TEXT-FIG. 0). 

Generic Diagnosis — Monosaccate mIo- 
spores with an elliptical or oval outline and 
a monolete rectilinear slit running parallel 
to the long axis. Central body oval to cir- 
cular. Bladder intrareticulate. 
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Description — The spores belonging to 
this genus are monosaccate and bilateral 
having a monolete suture as the germinal 
mark. The spore has mostly been observed 
to have flattened in a transverse plane with 
the germinal features fully observable in a 
polar view and the shape of the flattened 
spore is always broadly oval to sub-circular. 
Rather regular flattening of the spore in 
transverse plane apparently suggests that 
the spore, before fossilization, was elliptical 
in sectional view ( TEXT-FIG. Il). The 
central body is thin walled and translucent, 
of light brown colour and in flattened condi- 
tion it is usually more rounded than the 
spore outline although still retaining its 
elliptical nature. Due to flattening, the 
wall of the central body is folded secondarily, 
but with surprising regularity, into two series. 
The folds of the first series run along the 
margin of the central body indicating strong 
curvature of the body wall in that region or 
near it where the central body joins the 
bladder. The folds of the second series are 
located nearer the centre of the spore, are 
usually biconvex or elliptical in outline but 
with their longer axis along the lateral axis 
of the spore. The occurrence of these folds 
suggests a greater curvature in the wall of 
the central body in the distal region and, 
presumably, to accommodate this on flatten- 
ing, these folds have been formed. The 
positions of these curvatures in the body 
wall are represented in Text-fig. Il, as would 
be seen in polar and sectional views. The 
bladder is laevigate on the surface but zntra- 


TEXT-FIG. [] — a, polar view; b, lateral view. 
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reticulate on the inner surface. The margin 
of the bladder in flattened condition does 
not show a limbus. 

Comparison — The distinguishing features 
of this miospore are the monolete mark, 
free proximal side and the characteristic two 
series of secondary folds which distinguish 
it from all the monosaccate genera des- 
cribed by Potonié and Kremp (954). 
Among the spore forms described by Virkki, 
spore 38 (94007 0, Fics. 03% 308) 
and spore 59 (Pr. l4, Fic..(87) seem to 
have somewhat similar structure as this 
genus but the descriptions and illustrations 
are too poor to decide their true taxonomic 
position. Spore type 33b of Dulhunty 
(946) is a monolete monosaccate spore. 
On the other hand, spore 52 ( VIRKKI, 946, 
PL. 5, Fic. 49; TEXT-FIG. 30, p. 22) shows 
comparable secondary folds but lacks the 
monolete suture and instead, as stated by 
Virkki, the body is supposed to show a 
trilete mark. 

Discussion — This genus indicates the 
presence of monosaccate miospores with 
monolete suture among the Monosaccati as 
well. Its relationship to other monosaccate 
genera is obscure. It is very likely that this 
spore genus persisted through the Permian 
as forms closely similar to this genus are 
on record from the Permian of India and 
Australia. 

Balme and Hennelly ( [955) describe a new 
saccate miospore genus showing a mono- 
lete suture on the central body ( BALME & 
HENNELLY, I955, PL. 6, Fic. 54) as Vestigi- 
sporites. These spores, as is evident from the 
figures, are distinctly bisaccate. The exo- 
exine on the lateral faces of the central body 
is often thickened and simulates a connective 
between the bladders which separate the tow 
opposite bladders distinctly. 


Subdivision — Disaccites Cookson 

Series —- Monoradiati ser. nov. 

Series Diagnosis — Miospores with two 
distally inclined bladders and possessing a 
sulcus on the proximal side of the central 
body lying along the long axis of the spore. 


Sahnisporites Bhardwaj (954) 
Bra 2 sie 


Genotype — Sahnisporites saarensis Bhar- 
000 20000 Textsi¢e. 42): 

Generic Diagnosis — Bisaccate miospores 
without trilete mark. Central body tetra- 
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TEXT-FIG. Â2— Line drawing of the diplotype. 
x 500. 


gonal in polar view and elliptical in equa- 
torial view. One side of central body hav- 
ing a sulcus ( Ruga — sensu R. Pot. 934) 
along the long axis. The sides of sulcus 
elevated. The tntrareticulate bladder attached 
to the central body, equatorially on the 
proximal side but strongly approaching 
each other on distal side. The distal lines, 
of bladder attachment to the central body, 
are seen as oval ring of bands in polar 
view. 

Description — Bilateral, bisaccate mio- 
spores of medium size. No trilete or monolete 
mark is to be seen. Central body tetragonal 
in outline and darker in colour than the sacs. 
Running the entire length of the central body, 
parallel to the equatorial axis is a sulcus with 
highly elevated sides ( Pr. 2, Fic. 5; TEXT- 
FIG. I2). The bottom of the sulcus is 
structureless and more translucent than the 
rest of the body wall. The two bladders are 
equatorially attached and laterally the edges 
of the two bladders approach each other 
very closely. In the median region of the 
spore a ring-like biconvex band of darker 
colour is seen extending laterally. The 
exine of central body is matt. The bladders 
are finely intrareticulate. 

Reconstruction — As already pointed out, 
the central body is totally free from the 
bladders on the side which bears the sulcus. 
The zone of bladder attachment on this side 
is along the equator of the central body. 
At the ends of the lateral axis, the two 
bladders approach each other very closely. 
The biconvex ring like bands, as seen in 
polar view, though seem to be lying across 
the sulcus still do not distort it. Evidently 
these bands are on the side opposite of the 
one bearing the sulcus. These bands ori- 
ginate from the median region on lateral side 
where the two bladders approach each other 
very closely. Apparently these bands are 
the secondary folds along the zone of attach- 
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ment of bladder to the body wall, on the 
side opposite to the sulcus. The small dis- 
tance between the two bands as compared 
to the length of the central body indicates 
that the bladders were strongly inclined 
evidently on distal side, the sulcus being on 
the proximal side (see TEXT-FIG. 3 ). 
Comparison — Lueckisporites Pot. & Klaus 
distinguishes itself by the presence of one 
or more fissures and not a sulcus on the 
proximal side. The bladders in Lueckispo- 
rites are also too widely separated on distal 
as well as lateral sides. Pityosporites ( Sew.) 
Pot. & Kr. distinguishes by the absence of 
any sulcus on the proximal side. Other 
bisaccate genera, e.g. Vesicaspora Schemel 
(95) and Alisporites Daugherty ( 943), 
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TEXT-FIG. 43 — A, equatorial section; B, meri- 
dional section; C, lateral section. 
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also lack the equatorially elongated sulcus 
on the proximal side. 

Discussion —- The organization of this mio- 
spore shows a unique combination of fea- 
tures distinguishable from all other bisac- 
cate genera described so far. Vestigisporites 
differs by having a monolete slit rather 
than a sulcus. Sahnisporites does not belong 
either to the group including Vesicaspora, 
Pityosporites and Lueckisporites or to that 
including Alisporites and Kosankeisporites 
but forms a distinct group of its own. 


Series — Sulcati ser. nov. 

Series Diagnosis — Miospores with two 
distally inclined bladders and possessing an 
elongated sulcus lying on the distal side of the 
central body, between the zones of bladder 
attachment. 


Kosanketsporites gen. nov. 
ISA, Yay Veta, ivy, les, हिल IDS aly 


Genotype — Kosankeisporites (Illinites) ele- 
gans ( Kosanke ) comb. nov. 

Generic Diagnosis — Bisaccate miospores 
without trilete mark. Bladders intrareti- 
culate, equatorially attached to central body 
on proximal side but approaching each other 
on distal side thereby distally inclined. 
Central body ellipsoid with a longer lateral 
axis and narrower equatorial axis, having 
a deep narrow sulcus on the distal side 
parallel to the lateral axis. The sulcus is 
equally broad along most of its length, 
narrowing a little near the ends and its floor 
is without any special structure. The proxi- 
mal side of the central body bears a 
few rugulae ( grooves, as observed by L-O 
analysis), running irregularly in a zigzag 
pattern. 

Description —- Bisaccate, bilateral mio- 
spores, usually flattened in equatorial plane. 
The bladder is attached to the central body 
along the equator on the proximal side 
(Pr. 2, Fie. 0) but the line ot bladder 
attachment on distal side lies between the 
edges of the sulcus and the equator of the 
central body (Pr. 2, Fıcs. 5 D). The 
bladders approach each other closely on the 
lateral equator where they appear to be 
connected by a narrow connective of exo- 
exine. The upper surface of the bladder is 
laevigate but the under surface is intrareti- 
culate having meshes not exceeding I u in 
diameter. The reticulation appears to have 
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muri perfectae. Central body, usually well 
demarcated by its dark brown colour, has 
ellipsoid shape and is characterized by the 
presence of a narrow sulcus on the distal side 
( TEXT-FIG. 4C). The floor of the sulcus 
is lighter in colour than the rest and has no 
special germinal structures. 
side of the central body shows rugulae which 
are notched grooves running irregularly in a 
zigzag manner ( PL. 2, Fics. 6A, B, 8 0) 
Reconstruction — The usual equatorial 
plane of flattening as well as bilateral form 
are suggestive of an oblong miospore in 
original condition having small polaxis. 
The edges of the sulcus being raised and 
straight, converging only near the ends and 
the thinner exoexine of the floor of the sulcus, 
suggest that the latter is a definite structural 
feature and not formed by overlapping of 
the body wall by the bladder. On the same 
side which bears the sulcus the bladders are 
attached to the central body midway be- 
tween the edges of the sulcus and the equator 
of the central body and thus are more 
inclined towards each other. On the oppo- 
site side, the zone of bladder attachment 
lies along the equator of the central body. 
On the analogy of the occurrence of in- 
clined bladders in comparable coniferous 
pollen on the distal side I presume that 
the sulcus in this spore lies on the distal 
side. On the other side, i.e. the proximal 
side, the central body is wholly free from the 
bladder and has zigzag rugulae which, by 
their constant occurrence in all the forms exa- 
mined so far, constitute a valuable diagnos- 
tic feature. A reconstruction of the genus 
in various planes, based on the deductions 
discussed above, is given in Text-fig. 4. 
Comparison — Alisporites distinguishes it- 
self by the presence of a laterally elongated 
suture (instead of a sulcus) on the distal 
side, absence (?) of distal inclination of the 
bladders and the occurrence of a rounded 
central body. Alisporites also lacks the 
zigzag rugulae on the proximal side. Para- 
sporites and Illinites distinguish themselves 
by having trilete mark on the proximal 
side, lack of the sulcus on distal side, of 
distal inclination of the bladders and of 
zigzag rugulae on the proximal side. Pityo- 
sporites (Sew.) Pot. & Klaus has a rounded 
or equatorially elongated central body and 
lacks the sulcus on the distal side and zigzag 
rugulae on the proximal side. Lueckisporites 
and Sahnisporites have a round or equa- 
torially elongated central body and one or 
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TEXT-FIG. [4 — A, equatorial section ( proximal ); 
B, equatorial section (distal); C, meridional sec- 
tion; D, lateral section. 
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more than one laesurae or a sulcus respec- 
tively, lying along equatorial axis on the 
proximal side and they lack the distal sul- 
cus. The laesurae of Lueckisporites and the 
zigzag rugulae of Kosankisporites appear 
to have some aspects in common. Vesica- 
spora lacks the sulcus on distal side and 
zigzag rugulae on the proximal side. 
Discussion — Kosanke ( 950, bnS2: ६ 8 4; 
Figs. -2) described the genotype of Kosan- 
ketsporites as a species of Illinites, inter- 
preting the zigzag rugulae as a trilete mark 
and the sulcus having been formed due to 
overlapping of the bladder upon the central 
body. The holotype from Illinois and other 
similar examples from Saar revealed on exa- 
mination that none of these conclusions of 
Kosanke (loc. cit.) with regard to the struc- 
ture of this spore were tenable. The diplo- 
type is an equatorially flattened specimen 
with distal side up, showing the sulcus in 
highest focus and the zigzag rugulae in 
lowest focus. In some of the specimens 
from the Saar which were ideally flattened 
(Pr. 2, Fic. 7), the proximal side was up 
and showed the real nature of rugulae clearly 
in high focus and the sulcus in low focus. 
Whereas the distally inclined attachment 
of the bladders was not clear from the Saar 
specimens, this was clearly established from 
a study of the diplotype. A close exami- 
nation of the rugulae on the proximal side 
reveals that these are grooves of uniform 
width and lack anything like a tectum. The 
sulcus on distal side is a narrow, elongated 
channel (Pr. 2, Fic. 6C, TEXT-FIGs. 4B, C). 
The zone of bladder attachment is distinct- 
ly seen to lie beyond the edge of the sul- 
cus (Pr. 2, Fics. l6c, d) and hence the 
latter cannot be supposed to be formed 
by the overlapping of the bladder upon the 
central body. This spore combines a set 
of features, e.g. the distal sulcus, lack of 
trilete mark, the presence of rugulae on proxi- 
mal surface of the central body, a laterally 
elongated central body and distally inclined 
bladders which constitute an association so 
far not known from any of the described 
genera. The apparently functional nature 
of the sulcus on distal side suggests affinities 
with Alisporites although the latter appears 
to be less specialized. On the other hand, 
Pityosporites ( Sew.) Pot. & Kl., which lacks 
trilete mark and distal differentiation of a 
germinal apparatus though already possessing 
distally inclined bladders is presumably a 
forerunner of Kosankeisporites. This new 
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genus is named after Dr. R. M. Kosanke 
of Illinois Geological Survey, U.S.A., who 
described this spore for the first time and 
also as a tribute to his notable work on the 
Pennsylvanian Sporae dispersae of Illinois 
coals. 


Kosankeisporites (Ill.) elegans ( Kos.) 
comb. nov. 


Holotype — Kosanke, 950, Pl. , Figs. , 2; 
maceration 490-A, slide 5. 

Diagnosis — 56-67 x 45-56 u; holotype 59-8 
x 46.2 u; central body 30 x 46 u; distal sul- 
cus 4-44 x 6-l0 u. 

Description — Bilateral, oblong spores 
with two large, distally inclined bladders 
opposite each other at the end of equatorial 
axis, Usually flattened in an equatorial plane, 
without any secondary folding in the bladders 
or the central body. Bladders alveolate on the 
surface, intrareticulate on the under surface 
with small meshes not exceeding I u in dia- 
meter. Central body dark brown in colour, 
laevigate, ellipsoid with longer lateral axis, 
bearing a well-shaped sulcus on distal side. 
Sulcus lies along the lateral axis, being 
almost as long as the central body but only 
6-0 u broad along most of its length. On 
the proximal side of the central body the 
surface shows thin grooves (rugulae) running 
in a zigzag pattern. 

Discussion — The holotype from North 
America and the specimens recovered from 
Saar coals (Pr. 2, Fic. i7) show signi- 
ficant congruity in overall size as well as the 
size of the central body. The only notable 
differences are in the width of the sulcus 
which is 6-7 u in the holotype and 9-I0 u. 
in Saar specimens and in the number of 
rugulae which are more in holotype. It is 
apparent that the variation in the latter 
character is difficult to define and hence of 
little use for specific distinction but the 
difference in the width of the sulcus is of 
significance and may prove to be of taxonomic 
value. In spite of the fact that the difference 
in the width of the sulcus in the two types 
is as much as 3 u where the maximum 
width is only 0 u, I have put these forms in 
a single species till we know more about the 
range of variation from other areas. 

Distribution — McCleary’s Bluff coal bed 
(34 in.) Wabash County, Illinois, U.S.A.; 
Wahlschieder seam ( Dilsburger Schichten ) 
and seam Grangeleisen (Stephan A), Saar 
coal basin. 
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THE PALAEOBOTANIST 


STRATIGRAPHY OF THE 
UPPER CARBONIFEROUS SUCCESSION 
IN THE SAAR 


The stratigraphic subdivision of the Upper 
Carboniferous succession in the Saar basin 
and the adjacent basins was for the first time 
attempted by Weiss (868). His system, 
though changed to a certain extent in subse- 
quent years, still forms the basis of the 
currently used system ( TABLE 2). W. Van. 
Gumble ( 894, p. 928) proposed a different 
arrangement dividing the strata, lying below 
conglomerate of Holz, into two stages, the 
Ingberter and Saarbrücker stages. The former 
corresponded to the present St. Ingberter 
Schichten ( GOTHAN, GUTHÖRL & HEINTZ, 
943 ) whereas the latter was divided into 
lower or Sulzbacher, middle or Friedrichs- 
thaler and upper or Geislautern-Gernharder 
stage. The Offweiler Schichten, which corres- 
ponds to the present-day Stephanian, was 
called by Gumble as the Pfalzer stage. The 
lower section, lying above conglomerate of 
Holz, was named by Gumble as Leaia stage, 
the middle as Potzberg stage and the upper 
as Breitenbacher stage. The arrangement of 
V. Gumble was adopted by Leppla ( 4904) 
with the addition of a few new names for 
some layers. Pruvost (934) retained the 
system of Leppla, changed a few names and 
assigned the international stratigraphical 
terms, Westphalian and Stephanian, to the 
profile. He contended that the oldest strata 
(incl. St. Ingberter and Rotheller Schichten ) 
are equivalent to Westphalian B. Guthörl 
(936) doubted the existence of West- 
phalian B in the Saar Carboniferous but other- 
wise oriented his system exactly as Pruvost 
(loc. cit.) had done. In the same year 
Bode ( 936 ) proposed his system indicating 
significant changes not only in the sub- 
division of the succession and in the names 
of the Schichten but also in their assignment 
to divisions of Westphalian. The important 
features of his arrangement being that West- 
phalian B does not exist in the Saar Carboni- 
ferous, the upper limit of Westphalian C 
lies along Tonstein 2 and that St. Ingberter 
Schichten is merged into Rotheller Schichten 
(see TABLE 2). The latest system, jointly 
agreed upon by Gothan, Guthörl and Heintz 
( 943, see GUTHÖRL, 952) and currently 
followed, represents an agreement on the ear- 
lier proposed systems. Thus Bode’s conten- 
tion of absence of Westphalian B is upheld, 
but St. Ingberter Schichten is still retained. 
Guthörl’s opinion that Geisheck Schichten 
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does not contain any typical plant fossils of 
Westphalian C but instead of this contains 
a number of Westphalian D forms and thus 
it should be included in Westphalian D has 
been agreed to. 


FLORISTIC SUBDIVISION 
ON THE BASIS OF SPORE STUDIES 


The applied object of the present study 
was to detect the floral changes that might 
have occurred during the time the whole 
succession of Upper Carboniferous strata in 
the Saar was laid down and thereby to enable 
its division into stratigraphic sections and 
sub-sections, easily distinguishable from each 
other on the basis of the spore assemblages. 
This object has been achieved by fine taxo- 
nomic methods of spore study and it has 
been possible to conclude regarding broad 
stratigraphic subdivisions of the succession 
from an analysis of the vertical distribution 
of spore genera. 

It is well known that a change from one 
flora over to the succeeding one, in conti- 
nuously bedded strata, is usually gradual. 
Thus a floral change is expected to be ex- 
hibited in a fair-sized packet of strata. The 
plant assemblage of such stratum, which lies 
in between the older and the younger floras, 
is usually known as a transitional flora, con- 
taining a mixture of some of the older types 
and the newer ones. These transition floras 
often present serious difficulties in the inter- 
pretation of their florisitic status, i.e. whether 
they are to be considered as parts of the 
older or the newer flora or should be recog- 
nized as independent of the two. While 
interpreting my results I have followed the 
principle that the first appearance of one or 
more prominent spore genera of the younger 
divisions marks the beginning of the younger 
flora. In my opinion the appearance of 
younger genera heralds the beginning of 
the change to the next floral division, thus a 
transition flora is a part of the younger flora. 
Some of the characteristic types from the 
older horizons, which continue to be asso- 
ciated with the newer ones in the transition 
zone for sometime, are to be considered merely 
as stragglers, unsuccessfully trying to ad- 
just themselves in the changing conditions. 

Among the 45 spore genera represented in 
these coals, only 30 have restricted distribu- 
tion and thus have proved to be of stratigraphi- 
calvalue(TABLE3A). The remaining genera, 
which have not been taken into consideration 
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for stratigraphy, have really a long range of 
distribution (e.g. Cystosporites, Granulatis- 
porites, Florinites, Calamospora, etc.). 

In the vertical distribution of the Sporae 
dispersae (TABLE 3) four successive divi- 
sions, each having its own characteristic 
spore assemblage, are apparent. I regard 
these divisions as major because in each case 
the association of more characteristic com- 
ponents in the spore assemblage is different 
from those of the divisions preceding or 
succeeding them. Most of these major divi- 
sions are further divisible into two or more 
subdivisions ( TABLES 2 and 3A, bold broken 
lines). The spore assemblage in these sub- 
divisions is marked by the replacement of 
some less prominent components by others 
without affecting the general nature of 
the microflora in the division. In older divi- 
sions (I and II), evidences of still smaller 
changes in the composition of spore assem- 
blage between succeeding groups of coal 
seams has been noted (TABLE 3A, thin 
broken lines) and these changes have been 
used to distinguish sections within the sub- 
divisions. 

Division I — The spore assemblage of this 
oldest division in the Upper Carboniferous 
succession of the Saar consists of the follow- 
ing characteristic spore genera, e.g. Setosi- 
sporites, Radiatisporites, Lycospora, Denso- 
sporites and Cristatisporties. Less prominent 
spore genera are Zonalesporites, Bentzispori- 
tes, Triquitrites, Florinites, Calamospora and 
Laevigatosporites. In the youngest section, 
lying between coal seam l2and Tonstein 5, the 
assemblage consists chiefly of Radiatisporites, 
Densosporites, Cristatisporites, Lycospora, 
Zonalesporites and Laevigatosporites. In the 
succession below Tonstein 5, the distribution 
of dominant spore genera becomes unusual. 
Thus seams 33, 36 3/4 Nord and 9 Süd 
show absence of Radiatisporites, Densospo- 
rites and Cristatisporites as well as the less 
prominent genera Zonalesporites and Bentzi- 
sporites. To replace these genera Setosispo- 
rites, Florinites and Lycospora increase in 
amount. In the oldest part of this section 
the flora again appears to be of the type that 
is prevalent above Tonstein 5, having all the 
dominant megaspore genera ( after ZERNDT, 
940) such as Radiatisporites, Zonalesporites 
and Bentzisporites. Seam  Siid has none 
of the dominant spore genera of the younger 
part of this division, instead indicates a 
spore assemblage comparable to the older 
part of Division II. The nature of disconti- 
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nuity in the spore assemblage between 
narrow zones such as is evident here is 
rarely met with in continuously sedimented 
basin. 

Coal seam [2 (Nord) is the youngest 
limit of the spore assemblage of Division I. 
The next young seam, i.e. seam ll, as well 
as the whole younger succession in the Saar 
do not contain any of the prominent genera 
of Division I excepting Lycospora. In seam 
li lies the well-known horizon Tonstein 3. 
Although Tonstein 3 does not correspond to 
the level of change in spore assemblage but 
all the same, to accept that this well-known 
bed nearly corresponds to the actual boun- 
dary between Divisions I and II will not be 
too far from truth. 

Division IT — The youngest limit of this 
division has been provisionally set along 
conglomerate of Holz, as the microflora of the 
section overlying conglomerate of Holz and 
extending to Leaia horizon has not been 
studied since no coal seams in this section 
are accessible. The spore assemblage of 
Division II consists of following prominent 
components, e.g. Tuberculatisporites, Bentzi- 
sporites, Torispora, Verrucososporites and 
Lycospora; the other components are Lage- 
noisporites, Zerndtisporites, Cyclogranisporites 
Sec. A, and Foveolatisporites. The prominent 
components continue throughout the verti- 
cal extent of this division. Torispora and 
Verrucososporites begin in the oldest part 
of this division and while the former ends 
itself with the close of this division, the latter 
continues into Divisions III and IV. Bent- 
zisporites, which originated in Division I, 
reaches its maximum growth in Division II 
and also dies out with the close of this 
division. Tuberculatisporites, which is rarely 
represented in Division I, is regularlymet with 
throughout Division II. As compared to 
Division I, Setosisporites, Densosporites and 
Cristatisporites completely disappear from 
Division II having been replaced by Tori- 
spora and Verrucososporites. 

Division II is characterized by a minor 
break, roughly along Tonstein 2, which 
divides it into two subdivisions. It must 
be remarked here that general nature of the 
spore assemblage is not affected by this 
minor break as only the less prominent 
components get replaced. 

The older subdivision (IIA) is charac- 
terized by the sporadic appearance of Lage- 
niosporites and Zerndtisporites. The older 
section of this subdivision, comprised of 
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seams 00 to 2 (north), is poor in new 
spore forms. Among most characteristic 
megaspores are Bentzisporites, Triangulati- 
sporites, Cystosporites and Schopfipollenites. 
The characteristic miospores are Lycospora, 
Verrucososporites, Punctatosporites and Flori- 
nites. The younger section of this subdivi- 
sion is poor in coal seams, the oldest being 
seam | (Stolberg) and the youngest is 
Seam D, lying below Tonstein 2. This part 
has Lagenoisporites and Zerndtisporites as 
characteristic megaspore genera and Tori- 
spora makes its appearance in seam I ( Stol- 
berg) and is well represented in other younger 
seams of this part. 

The younger subdivision (IIB) lacks 
Lagenoisporites and Zerndtisporites but Tuber- 
culatisporites, Bentzisporites, Verrucosospo- 
rites and Torispora are strongly represented. 
A characteristic species, Valvisisp. saarensis 
( Zerndt ) Pot. and Kr., is also found in the 
older part of this subdivision. 

Division III — The spore assemblage of 
Division III is characterized by the absence 
of Lycospora. The more characteristic com- 
ponents are Valvisisporites auritus, Calamo- 
spora, Endosporites, Cyclograntsporites Sec. B, 
Triquitrites and Verrucososporites. The less 
prominent components are Latosporites, 
Laevigatosporites, Raistrickia, Planisporites, 
Florinites and two new genera, Savitrisporites 
and Kosankeisporites. Tuberculatisporites and 
Triquitrites reach their end in this division. 
The boundary between Division III and the 
younger Division IV lies somewhere within 
the over 400 meter thick sediments, which 
lie between Schwalbach and Illinger seams 
and are barren of coal seams. Tentatively 
it has been marked a little below Illinger 
seams ( TABLES 2 and 3A). 

Division III is subdivided into two sub- 
divisions each of which have their charac- 
teristic spore assemblage. The boundary 
between these subdivisions lies between 
coal seams Schwalbach and Wahlschied with 
the result that Subdivision IITA continues 
from above conglomerate of Holz to a little 
above the seam Wahlschied and overlying 
these is the Subdivision IIIB. The charac- 
teristic spore genera of Subdivision IIIA 
are Endosporites, Calamospora, Cyclogranisp. 
Sec. B, Verrucososporites, Latosporites and 
Kosankeisporites. In Subdivision IIIB, which 
is poor in spore contents, Calamospora, 
Cyclogranisp. Sec. B, Latosporites, Micro- 
reticulati Sec. A are noteworthy. Out of 
the two species of Savitrisportties, one is 


43 


restricted to Subdivision IIIA and the other 
to Subdivision IIIB. 

Division IV — The commencement of 
Division IV is characterized by the reappear- 
ance of Lycospora in the spore assemblage. 
In Illinger seams Lycospora is subdominant 
but in Grenzkohlen seam it becomes very 
conspicuous. The other characteristic compo- 
nents of the spore assemblage in Division IV 
are Laevigatosporites, Calamospora and Flori- 
nites. Among megaspores, Valvist. verru- 
catus sp. nov. ( BHARDWAJ, l954a ) is very 
common. This division is also characterized 
by a large number of infrequent but new 
genera such as Cyclobaculisporites, Gravi- 
sporites, Angulisporites, Striatosporites, Gu- 
thörlisporites, Potonieisporites and Sahnı- 
sporites as well-as the well known genera 
Wilsonia and Alisporttes. 


COMPARISON OF 
SPORE DISTRIBUTION WITH 
PLANT MEGAFOSSIL DISTRIBUTION 


As already referred to earlier in this paper, 
a considerable amount of palaeobotanical 
work has been done on the fossils of this 
basin by a number of workers. These palaeo- 
botanists have often discussed the strati- 
graphic subdivisions of the geological succes- 
sion in this region. As the stratigraphic 
divisions indicated after my study of the 
Sporae dispersae did not conform in all cases 
to the major divisions decided upon by the 
palaeobotanists, I tried to check upon and 
compare the vertical distribution of Sporae 
dispersae with that of megafossils. This was 
also necessitated in view of the opinions 
held by certain authorities that the palaeo- 
botanical stratigraphic subdivisions may 
or may not conform to the stratigraphic 
subdivisions proposed on grounds of Sporae 
dispersae. On the contrary, in my opinion, 
if plant megafossils employed for Upper 
Carboniferous stratigraphical work, which 
are mostly fern-like foliage apparently be- 
longing to Filicinae and Cycadofilicales, cons- 
tituting only a part of the Palaeozoic flora, 
can indicate floral changes, the Sporae dis- 
persae, which represent the whole flora of 
the basin, should be capable of denoting 
every floral change at least equally distinctly 
if not more. 

Palaeobotanical literature on the plant 
fossils of the Saar basin is prodigious. But 
there is a lot of taxonomic non-agreement 
between the French and German authors who 
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were alternatingly concerned with its geology 
during the past. To enable comparison of 
the vertical distribution of Sporae dispersae 
with that of plant megafossils, my first task 
was to determine the exact (as nearly as 
possible) vertical distribution of all the 
species reported from this region. This 
eliminated most of the works accomplished 
earlier than 930, because they usually lacked 
exact location of each fossil find. Most of 
the data regarding distribution, utilized here 
(TABLE 3B), has been collected from 
Gothan (933), Bode (l936, 94) and 
Guthörl (936, 940, 940a, 943, 948, 
95l, 953). The nomenclature followed 
here is based on German authors. Some 
latest taxonomic changes proposed by Gothan 
(953) have not been incorporated here. 
All possible effort has been made to correct 
the distribution of a species described under 
synonymous names. None of the species, 
usually considered important for strati- 
graphical purposes, have been excluded from 
consideration here. 

In Table 3B, the horizontal lines represent- 
ing floral changes are simply extensions of the 
lines from Table 3A. Now we may examine 
the megafossil distribution in relation to these 
lines. It is clearly seen that in the region 
of the oldest floral change so few megafossils 
have been found that it is difficult to con- 
firm the evidence given by Sporae dispersae. 
The next floral change is very sharply dis- 
tinguishable, along Tonstein 5, where Neurop- 
ieris scheuchzeri Hoffm., Mariopteris Sau- 
veuri ( Begt.) Stur, Annularia pseudostellata 
H. Pot. and Neuropteris crenulata appear for 
the first time. 

The third notable floral change is indicated 
closely below Tonstein 3 along seam 2. At 
this horizon Palmatopteris saarana Guth., 
Nauropteris scheuchzeri, N. crenulata, Sphe- 
nopteris sauveuri Crepin and Annularia 
pseudostellata reach their youngest limit 
whereas Mariopteris muricata (Schloth.) 
Zeiller, Sphenopteris goldenbergii Andr., Lin- 
opteris neuropteroides Stbg. fo. minor, Palaeo- 
weichselia defrancei ( Brgt.), Diplazites longi- 
folius and Asterotheca oriopteridia appear for 
the first time. 

With the fourth notable floral change in- 
dicated closely below seam Il (Stolberg ) 
Neuropteris tenuifolia Schloth., Mariopteris 
muricata, Senftenbergia pennaeformis ( Bret.) 
Stur and Sphenophyllum cuneifolium Stbg. 
disappear and Sphenopteris damesi Stur. and 
S. nummularia Gutb. originate. At the 
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same time Mariopteris latifolia Brgt., M. 
nervosa Brgt. and Neuropteris obliqua ( Brgt.) 
Zeiller become more common. 

Along the fifth floral change indicated just 
above Tonstein 2, Palaeoweicheselia defrancet, 
Mariopteris latifolia, Sphenopteris nummu- 
laria and probably Neuropteris obliqua and 
Alethopteris serli reach their end whereas 
Neuropteris ovata Hoffm., Danaeites sarepon- 
tanus and Linopteris obliqua Bunb., appear 
for the first time. 

At the sixth floral change, closely below 
the conglomerate of Holz, a large number 
of species, e.g. Neuropteris ovata, Mariopteris 
nervosa, Asterotheca oreopteridia, Diplazites 
longifolius, Danaeites saraepontanus, Linopte- 
vis obliqua, Rhacopteris asplenites, Ettgsch., 
Margaritopsis coemanst Andr. and Odonto- 
pteris genuina Gr. Eury, die out and Astero- 
theca cyathea and Odontopteris subcrenulata 
appear for the first time. 

Along the seventh floral change, Astero- 
theca arborescens, A. lamuriana, A. cyathea 
and Odontopterts reichiana probably dis- 
appear. A. cyathea and Odontopteris subcre- 
nulata appear for the first time in this zone 
with the latter culminating finally in the 
eighth zone. In this zone Asterotheca cya- 
thea (Schloth.) Kid., and Odontopteris sub- 
crenulata appear in the younger strata over- 
lying conglomerate of Holz for the first time. 
Annularia stellata Schloth., A. sphenophyl- 
loides and Asterotheca feminaeformis end 
below Schwalbach seam or above it. Above 
the ninth floral change Guthörl (952) 
reports Callipteridium pteridum, Dicksonites 
germari and Neuropteris cordata-ovata as the 
new species. 

Table 2 gives on the left side a comparison 
of the important stratigraphic systems pro- 
posed by various authorities in the past. 
On the right side of the profile the strati- 
graphic subdivision proposed by me on the 
basis of Sporae dispersae together with the 
list of index spore genera is given. It will 
be worth while to point out that the sub- 
divisions proposed by me are based upon 
positive evidence of the presence of easily 
recognizable spores. The absence of certain 
spores genera, which are characteristic of ad- 
jacent divisions, has been noted ( TABLE 2) 
only for comparative distinction. 

It is apparent that in Division I the sec- 
tions A and B almost exactly correspond to St. 
Ingberter and Rotheller Schichten respectively. 
The section C is, however, truncated as com- 
pared to the original Sulzbacher Schichten and 
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the reason for doing so has already been dis- 
cussed in detail as to why I have not accepted 
seam | (Stolberg) or Tonstein 2 as the upper 
limit of Division I. Megafloristically, seam 2 
presents as strong a floral change as seam I 
( Stolberg ) or Tonstein 2. Along Tonstein l, 
I have neither been able to detect a micro- 
floral change nor is there any megafloral 
evidence for it. The boundary between 
Divisions III and IV is a major deviation 
from the older conceptions. I have decided 
upon inclusion of Illinger seams together 
with Grenzkohlen seam in one division on 
strong microfloristic grounds whereas those 
by earlier authors are more on petrological 
basis than palaeobotanical. The paucity of 
megafossils in this part of the profile did 
not enable satisfactory stratigraphical sub- 
division in the past, as is evident from the 
observations of Bode ( 936, 9. 66) who ex- 
presses rightly that ‘‘ Die Unterscheidung 
der einzelnen Stufen auf palaeobotanischer 
Grundlage bietet deshalb noch gewisse 
Schwierigkeiten ’’, and subsequently ( BoDE, 
94, 9. 26), “ Bisher ist eine Einteilung des 
Stefans auf floristische Grundlage nicht mög- 
lich gewesen ”’, 


STRATIGRAPHIC ARRANGEMENT OF 
THE SAAR COAL MEASURES 


On microfloristic grounds I have recognized 
four divisions in the Saar coal measures 
and I accept these divisions also as the 
basis of the stratigraphical horizons. In 
Table 2 the relation of these divisions to 
the standard Upper Carboniferous system 
has been given. 

Westphalian C (Microflora of Division I) — 
St. Ingberter Schichten, Rotheller Schichten 
and Lower Sulzbacher Schichten constitute 
Westphalian C in the Saar coal measures. 
At one time Rotheller and St. Ingberter 
Schichten were considered to represent 
Westphalian B (Pruvosr, 934). The spore 
flora contained in Rotheller Schichten shows 
significant floral unity with Lower Sulzbacher 
Schichten which overlies it but the spore flora 
of St. Ingberter Schichten (Seam |, Süd) 
is significantly different from both Sulz- 
bacher as well as Rotheller Schichten. This 
floral difference may even represent a major 
floral change. Unfortunately so far we know 
very little of the characteristic spore genera 
(if any) which distinguish Westphalian B 
from C. Floristically, as already opined by 
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Jongmans (952, p. 320), Westphalian B 
and C cannot be distinguished as the flora 
on both sides of Aegır horizon is the same. 
In absence of any other option the whole 
strata lying below seam l2 is tentatively re- 
ferred as Westphalian C. 

Westphalian D (Microflora of Division 
II) Upper Sulzbacher Schichten, Geisheck 
Schichten, Luisenthaler Schichten and Heiligen- 
walder Schichten constitute Westphalian D in 
Saar coal measures. The spore assemblage 
contained in the strata lying between seam 
I2 and conglomerate of Holz has uniform 
character but for the minor fluctuations 
which apparently cannot be regarded as very 
significant. In the oldest zone of this divi- 
sion, i.e. Upper Sulzbacher Schichten, the 
spore assemblage is poor in the number of 
genera. It contains a few of the character- 
istic genera of the older strata, e.g. Zonale- 
sporites and Radiatisporites, which, according 
to Zerndt (940), are sporadically met 
with and ultimately die out within this 
zone. On the other hand, Lagenoisporites 
and Verrucososporites, the latter being charac- 
teristic of the younger strata, appear for the 
first time. Torispora, another very charac- 
teristic genus of the younger strata, has not 
been found so far in the investigated samples 
of Upper Sulzbacher Schichten. However, in 
view of the finding of Balme and Butter- 
worth (952) that Torispora can appear 
simultaneously as or shortly after the dis- 
appearance of Densosporites, I presume that 
Torispora might be actually extending further 
down into this zone in some region of the Saar 
basin. It is apparent that this zone contains 
a mixed spore flora of the older and the 
younger divisions and thus appears to be a 
zone of transition. However, on the basis of 
positive evidence of the occurrence of spore 
genera, restricted to younger horizons, this 
zone is to be floristically considered as a 
part of the overlying younger section. From 
seam  (Stolberg) and upwards till con- 
glomerate of Holzthe dominant genera Verru- 
cososporites and Torispora are uniformly pre- 
sent. In Geisheck Schichten a few short-range 
forms including the genus Zerndtisporites ap- 
pear and die out. Likewise the Heiligenwalder 
Schichten is characterized by some short- 
lived species. 

A perusal on the left side of Table 2 will 
reveal that there has been significant differ- 
ence of opinion with regard to the lower 
limit of Westphalian D in the Saar coal mea- 
sures. Bode ( 936) considers the boundary 
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between Westphalian D and C to lie along 
Tonstein 2, thus including Getsheck Schichten 
and Upper Sulzbacher Schichten in West- 
phalian C. His contention is to recog- 
nize only “ Zone der Neuropteris ovata’’ as 
Westphalian D. Bode thinks to have acted 
in accordance with the agreement reached 
at the II Congress of Carboniferous Strati- 
graphy in Heerlen (935) where Westpha- 
lian D was defined as “‘ Stufe der Neuroßteris 
ovata als Gesamtart’’, On the other hand, 
Guthörl (936, 952), disregarding the im- 
portance of a single species in determining 
a stratigraphic horizon, stresses more upon 
the rich assemblage of pecopterids as a whole 
in the flora which is so characteristic of 
Westphalian D and thus has added Geisheck 
Schichten to the zone of Neuropteris ovata 
in the Saar basin. 

Opposed to both these contentions I have 
shifted the lower boundary of Westphalian 
D further down, adding a part of what was 
earlier considered as Sulzbacher Schichten 
but is now referred here as Upper Sulzbacher 
Schichten. The fact that such a decision 
should be adhered to, in spite of a different 
international definition of Westphalian D 
and also that the zone of N. ovata in the 
Saar basin is restricted only to Luisenthaler 
and Heiligenwalder Schichten, needs explana- 
tion. As discussed earlier, the primary basis 
of this conclusion is the finding that the lower 
limit of a floral change culminating into the 
flora of Westphalian D lies along seam 2. 
This floral change ended by the time seam I 
( Stolberg) was deposited and during the 
course of this change Densosporites and the 
associated group of genera characteristic of 
Westphalian C were replaced by new genera, 
Verrucosoporites and Torispora, characteristic 
of Westphalian D. 

In support of this contention I have also 
found corroborative evidence from the dis- 
tribution of the megaflora that my West- 
phalian D which encompasses the combined 
zones of Palaeoweichselia defrancei and N. 
ovata, as the former begins above seam 2 
and the latter ends at conglomerate of Holz, 
is really equivalent to the zone of N. ovata 
in other paralic coal basins of N.W. Europe 
and N. America. The fact which led me to 
this interpretation was that just at the same 
level where Densosporites and other associated 
genera disappear from the microflora, P. 
defrancet, which happens to be a charac- 
teristic endemic species of the Saar flora, is 
reported ( GUTHÖRL, 952) to appear for the 
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first time. This, however, seemed a bit too 
striking to be without any significance, and I 
made a critical comparison of the data from 
other regions as to whether or not the dis- 
appearance of Densosporites has any relation 
to the appearance of some important spe- 
cies in their megaflora. Evidence of both 
micro-floral and megafloral studies by dif- 
ferent authors are available only from some 
basins such as Illinois and West Virginia 
coal basins in North America and Osna- 
briick coal measures in W. Germany. And 
in these basins it was found that in close 
proximity to the level at which Densos porttes 
disappears, N. ovata appears for the first 
time. 

In Illinois basin, according to Kosanke 
( 950, spore distribution chart ), the level of 
disappearance of Densosporites is along seam 
Dekoven. The next seam above Dekoven 
is Coal No. 2 and from the top of this seam 
Jongmans ( 937, p. 379) records N. ovata. 
According to Cady (952, Fics. 34-37), 
seam Dekoven lies at an average depth of 
only 30 metres from Coal No. 2, in a con- 
formable succession. 

From West Virginia coal basin, Cross and 
Schemel (952) report the level of dis- 
appearance of Densosporites in lower Alle- 
gheny Series. From the same horizon Jong- 
mans (937, p. 374) describes N. ovata. 
This strata was concluded by Jongmans 
(loc. cit.) to be high Westphalian C or lower 
D. The reason for considering the probabi- 
lities of its being Westphalian C, in spite of 
N. ovata, was that the zone of N. ovata and 
the typical flora of Westphalian B lie in close 
vertical proximity. 

In Osnabrück coal measures, Kremp 
(952) found Densosporites group of spores 
in seam Gliicksburg. This is the next seam 
lying below seam Dickenberg, which, accord- 
ing to Bode ( 952, 9. 434 ), forms the lowest 
limit of N. ovata in Ibbenbiiren Carboni- 
ferous profile. 

From the analogy of the facts gathered 
above it can at least be presumed with fair 
chances of accuracy that N. ovata, an index- 
fossil of Westphalian D, seems to have 
appeared in all such paralic basins of which 
evidence is available, simultaneously or 
closely after the disappearance af Denso- 
sporites in the course of one and the same 
floral change. 

Now the question arises as to whether or 
not the appearance of P. defrancei in the Saar 
stands at the same level as the appearance 
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of N. ovata in the paralic basins? We know 
that in the Saar, the level of disappearance 
of Densosporites and the appearance of N. 
ovata are widely separated from each other by 
a zone of more than 500 metre thick strata. 
The apparent cause for such a deviation could 
either be that Densosporites disappeared ear- 
lier in the Saar than in the paralic basins 
or that N. ovata appeared later than usual. 
If one compares the level of disappearance 
of Densosporites and vertical distribution of 
N. tenurfolia, N. scheuchzeri and Mariopteris 
sauveri in the Saar basin to the same in other 
paralic basins of N.W. Europe and N. 
America, it seems that the disappearance 
of Densosporites was more or less contem- 
poraneous in all these coal basins and 
apparently N. ovata appeared later than 
usual in the Saar. In this N. ovata-free zone 
(upper part of Sulzbacher Schichten and 
Geisheck Schichten ), the rich assemblage of 
Pecopterids (GUTHÖRL, 952), which is other- 
wise characteristic of the zone of N. ovata, 
further supports this contention that it was 
N. ovata which appeared later rather than 
Densosporites vanished earlier. Thus it is 
evident that the appearance of P. defrancei 
in the Saar is at the same stratigraphic 
level as the appearance of N. ovata in the 
N.W. European and N. American coal basins. 
One of the important reasons for the appear- 
ance of P. defrancei rather than N. ovata 
in the Saar, in contrast to the paralic 
nature of other coal basins, could have been 
the limnic nature of the Saar basin which 
helped to establish P. defrancei, an endemic 
species, and hold N. ovata out of the basin 
for the time being after the disappearance 
of Densosporites. 

I might recall here that Pruvost ( 934 ) 
and subsequently Bertrand (937) had 
also suggested to designate the combined 
zones of P. defrancei and N. ovata in the 
Saar basin as Westphalian D. However, till 
then ( PRUVOST, 934) P. defrancei was not 
known to extend below seam | ( Stolberg ). 
It was only subsequent search of Guthörl 
which led to establish the oldest extent of 
this species to be above seam 3, which 
lies in close proximity to the level of disap- 
pearance of Densosporites. 

With the detection of such a correlation 
of the disappearance of Densosporites and 
other associated spore genera belonging to 
one and the same floral period, to the appear- 
ance of N. ovata and the spore genera Verru- 
cososporites and Torispora during the course 
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of the same floral change, the task of palaeo- 
botanists to establish the boundary between 
Westphalian C and D will become consider- 
ably easier. Not only this but also syn- 
chronization of microfloristic evidence with 
macrofloristic evidence and vice versa, in 
strata where for practical difficulties one 
or the other method of study has not been 
possible, would be facilitated. 

Lower Stephanian (Microflora of Divi- 
sion III ) —Göttelborner Schichten, Dilsburger 
Schichten and Lower Heusweiller Schichten 
constitute the pure Stephanian under the 
present scheme. The microflora of this 
Division is distinctly different from the 
underlying as well as the overlying strata. 
The Gottelborner on the one hand and Dils- 
burger and Lower Heusweiler Schichten on 
the other may also be termed as Stepha- 
nian A and B respectively. As suggested 
by the micro-flora, the vegetation of this 
period had lost much of its Westphalian 
character. 

Upper Stephanian (WestphalianE) ( Micro- 
flora of Division IV) — Upper Heusweiler 
Schichten and Breitenbacher Schichten may 
represent in a way what has been termed as 
Westphalian E from N. America, Turkey, 
Spain and Donetz basins by Jongmans 
(952). Microfloristically Lycospora and 
Raistrickia, which are essentially Westphalian 
spore genera, stage a come back after they 
had disappeared from the Saar basin during 
the Lower Stephanian. At the same time 
traces of some of the Permian spore genera 
are also evident in this horizon ( BHARDWAJ, 
954) suggesting the transitional nature of 
its microflora. The microflora of this hori- 
zon is also closely comparable to that of 
Upper Stephanian coal from Decazeville in 
South France (unpublished observations — 
POTONIÉ & BHARDWAJ). By assigning Brei- 
tenbacher Schichten to Stephanian C ( West- 
phalian E), I wish to emphasize that even in 
basins, a flora not much different from the 
limnic older Westphalian type or Westphalian 
type of the paralic basins existed, but this 
followed only after an intervening truly 
Stephanian flora. Stephanian C forms the 
upper limit of Carboniferous period. The 
strata immediately overlying this, as cor- 
related in the nearby Pfalz (W. Ger- 
many ), belong to Lower Rotliegend ( Lower 
Permian). In what relation does the 
microflora of Stephanian C stand to that 
of Lower Rotliegend is not known for the 
present. 
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EXPLANATION OF PLATES 


PLATE Î 


ja, b, c. Cyclobaculisporites ( Punctatisp.) grandi- 
verrucosus ( Kos.) comb. nov. Slide No. 0705/3d; 


(A) in top focus x 500; (B) in low focus x 500; 
(C) same as (B) x 000. | 
2. Cyclobaculisporites ( Verrucosisp.)  sinensis 


( Imgr.) comb. nov. Slide No. 734/4. x 500. 
3. Cyclobaculisporites ( Verrucosisp.) ovimammus 
( Imgr.) comb. nov. Slide No. 40705/34. x 500. 


4. Foveolatisporites ( Punctatisp.) fenestratus ( Kos. 


& Brok.) comb. nov. Slide No. 7346/ll. x 500. 

5. Savitrisporites triangulus Gen. et 59. 
Slide No. 736/6. X 500. 

6. Gravisporites sphaerus ( Butt. & Will.) Bhar- 
dwaj. Slide No. 0705/3b. 

7. Angulisporites splendidus Bhardwaj. 
No. 0705/ld. x 500 ( diplotype ). 

8. Angulisporites splendidus Bhard. Slide No. 
40205/॥6/ x 500. 

9. Zerndtisporites laxomarginalis ( Zerndt ) comb. 
nov. Slide No. 9606. x 50. 


Shde 


nov. 


40. Zerndtisporites laxomarginalis (Zerndt) comb. 
nov. Slide No. 9606. x 50. 


PATES? 


il. Sériatosporites major Bhard. Slide No, 
0705/lf. x 500. ( diplotype ). 

i2. Guthörlisporites magnificus Bhard. Slide No. 
0705/3g. x 500 (diplotype ). 

i3. Potonieisporites novicus 
0705/if. x 500 ( diplotype ). 

Î4. Potonieisporites novicus 
0705/ic. x 500 (diplotype ). 

5. Sahnisporites saarensis 
0705/lf. x 500 (diplotype ). 

l6a, b, c, d. Kosankeisporites ( Illinites ) elegans 
( Kos.). comb. nov. Slide No. 490-A/5. Kosanke, 950; 
(A) in deep focus ( proximal) x 500; (B) same as 
(A) > 670; (C) in high focus (distal) 670; (D) a 
part of (C) x 000 ( diplotype ). 

i7. Kosankeisporites ( Illinites) elegans 
comb. nov. Slide No. 73i6/2. 500. 


Bhard. Slide No, 


Bhard. Slide No. 


Bhard. Slide No. 


( Kos.) 
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SPOROJUGLANDOIDITES JURASSICUS GEN. ET SP. NOV, A 
SECKOMORKPHOT ROM THE JURASSIC OF THE 
RAJ MWATALSHILLS, BIHAR 


VISHNU-MITTRE 


Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


Under the name Sporojuglandoidites jurassicus 
a new sporomorph is described from the Jurassic 
rocks of India. The sporomorph is distinguished 
by the presence of foraminoid apertures on its 
body —a character not met with in any plant group 
except the angiosperms. In general characters it 
seems to resemble the juglandoid grains. 


INTRODUCTION 


discovered in a microscopic section of 

a piece of chert from Nipania, a 
village near Dumarchir, District Amrapara, 
Bihar. The chert deposits of Nipania belong 
to Rajmahal series of the Upper Gondwanas 
of India and are regarded as Upper Jurassic 
in age. 

In the presence of several. foraminoid 
apertures on its body, a feature not met 
with in the spores of either Pteridophyta or 
Gymnosperms, the sporomorph shows affı- 
nities with angiosperms. 

The record from the pre-Cretaceous beds 
of plant fossils, possessing characters which, 
according to our present knowledge, are 
found only in angiosperms, is rather meagre. 
So far the known pre-Cretaceous angio- 
sperm like plant remains are (i) the Rhaetic 
alate seeds or fruits, Fraxinopsis major and 
FE. minor (WIELAND, 929, pp. 447-448); 
(ii) Rhaetic dicotyledonous type of leaf- 
impressions, Furcula granulifer ( HARRIS, 
932); a Jurassic wood, Suevioxylon zonatum 
(KRAUSEL, 928, pp. 250, 25l); Jurassic 
pollen grains cf. Nelumbo and Castalia ( Simp- 
son, 937), Tricolpites (Eucommiidites Troeds- 
sonii (ERDTMAN, 948) and the Upper 
Jurassic juglandoid grains (BoRGE & 
ERDTMAN, 954 p. [[3 )/ Besides these 
some other instances are enumerated by 
Axelrod (952, pp. 30, 3l). The present 
find adds another evidence to the occurrence 
of angiosperm like plant remains prior to the 
Cretaceous period. 


She sporomorph described here was 


L5l 


DESCRIPTION 


Sporojuglandoidites jurassicus Gen. et sp. nov. 
Figs. , 2 


The specimen, 56 u in the longer diameter, 
is ellipsoid or oblate spheroidal. In its 
oblique polar view it seems to have been 
folded unequally upon itself and in this 
region it is 34 u broad. Similar folding has 
been noticed to be caused by the pressure 
of the cover glass in the grains of modern 
Juglans regia (Fic. 3). 

The pores, l0-]2 in number, do not appear 
to be distributed uniformly on the body of 
the grain which seems to be heteropolar. 
The pores appear to be simple. Each pore, 
5x7 y, is either circular or slightly elliptical 
and is bounded by a peripheral thickened 
area comparable with the corresponding 
shield shaped area of the aspidate pores, for 
instance, on the grains of Juglandaceae. 
The pouting of the pores is not well marked. 
There is also no distinct stratification, which 
may be due to preservation. A faint ‘OL’ 
pattern is, however, observed. 


DISCUSSION 


As already mentioned the most distinctive 
character of the present sporomorph is the 
occurrence of several foraminoid apertures 
on its body. From the current knowledge 
of the morphology of the living and fossil 
spores such foraminoid apertures are met 
with only on the grains of some angiosperms, 
i.e., Chenopodiaceae, Amaranthaceae, Caryo- 
phyllaceae, Juglandaceae and some repre- 
sentatives of Haloragidaceae and Hamameli- 
daceae (ERDTMAN, 952). 

The sporomorph possesses a large number 
of the apertures which appear more or less 
aspidate in nature. In these the specimen 
shows the juglandoid character. The aper- 
tures are, however, simple and not composite 
(foraminorate) as in modern juglandoid 
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TEXT-FIGS. [, 2 — Sporojuglandoidites jurassicus. 


Gen. etsp.nov. The sporomorph at two different 


focii. The ‘OL’ pattern is clearly made out when the three apertures at the top region of the sporomorph 


are compared in each photograph. 
is a fold. /॥000, 


The dark streak running in the right half of the sporomorph 


TEXT-FIG. 3 — A pollen grain of the modern Juglans regia showing folding due to pressure exerted 


by the cover glass. x 000. 


grains (ERDTMAN, 952, p. 2l4). This 
apparent difference may be due to preser- 
vation. In being small in size the specimen 
differs from the Jurassic juglandoid grains 
reported by Erdtman ( BORGE & ERDTMAN, 
£954,.-pe23.): 


Many thanks are due to Dr. G. Erdtman 
for kindly examining the specimen and con- 
firming its identification and also for suggest- 
ing me its name. I am also thankful to 
Dr. R. N. Lakhanpal for going through the 
manuscript. 
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SER FANI FOSSILS FROM THE TALCHIR NEEDLE 
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ABSTRACT 


The paper describes for the first time the occur- 
rence of an interesting microflora and a few plant 
impressions obtained during 955 from the Talchir 
needle shales ( Talchir stage ) of the Giridih coalfield, 
Bihar. Among the microfossils four types of one- 
winged spores and three types of two-winged spores 
have been recognized. The plant impressions 
include Gangamopteris cyclopteroides Fstm., Noeg- 
gerathiopsis Hislopi ( Bunb.), a Noeggerathiopsis sp. 
and certain carbonized stems and ? petiole or rachis 
impressions. 

The present findings furnish the first record of 
fossils from the Talchir needle shales ( stage) which 
was hitherto regarded as unfossiliferous. It also 
strengthens the belief that the earlier Glossopteris 
flora was contemporaneous with the Ice Age. 


of India are known as Talchir series. 

It is characterized by a glacial boulder 
bed at the base which is overlain by Talchir 
needle shales (stage) and sandstones. The 
topmost stage is known as the Rikba stage. 
The plant fossils which are known from the 
Talchir series so far have only been found 
from the uppermost stage— the Rikba 
stage. The lower beds represented by the 
needle shales were hitherto regarded as 
unfossiliferous. Microspores were discovered 
by Virkki ( 946) within a few feet above 
the boulder bed in the Punjab Salt Range, 
but the findings of identifiable megafossils 
were hitherto confined to the uppermost 
stage of the Talchir series. The present dis- 
covery of fossil leaf impressions in the needle 
shales (stage), therefore, now provides a 
definite evidence of life at the beginning of 
the Gondwana era. 

The present collection of plant fossils was 
obtained from a section of Talchir needle 
shales exposed along the Sukni river 
(“ Sooknid ” of HUGHES, 869, p. I) of 
the Giridih coalfield, Bihar. The Sukni 
river is regarded as the best ground in the 
entire area for the study of the needle shales 
which characterize the Talchir stage. The 
fossiliferous spot lies on the north bank of 
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the river, about one mile north-west of 
Karharbari town and about two furlongs 
north-west of Maheshmundi village. At 
this place only Talchir needle shales are met 
with, rising to a height of about 5-20 ft. 
Hughes has, however, estimated the total 
thickness of the needle shales to about 600 
ft. in this area. 

The shales are bluish grey to earthy green 
in colour and break characteristically into 
small needles and hatchet-shaped fragments 
on their weathered surface. The Talchir 
boulder conglomerate bed overlain by needle 
shales is exposed in the river bed at a distance 
of about two furlongs from the fossil spot. 
It has not been possible to ascertain the 
exact height of the fossiliferous spot above 
the boulder bed, but it may not be very 
much. 

Most of the recognizable fossils were ob- 
tained from just near the base of the section. 
Other fossils, containing mostly indetermin- 
able fragments, were collected within a height 
of 6 ft. from the base. This collection 
was made by one of us (K. M. LELE ) under 
the leadership of the late Dr. P. N. Srivastava 
in /003 + 


DESCRIPTION 
A — PLANT IMPRESSIONS 


Genus Gangamopteris McCoy 
l. Gangamopteris cyclopteroides Fstm. 


There is one complete specimen and two 
fragmentary impressions which are assigned 
to the species Gangamopteris cyclopteroides 
Fstm. 

The complete specimen (Pr. l, Fic. 2), 
measuring 4:l x Î:8 cm., is broadly lan- 
ceolate, symmetrical with a broadly round 
apex and somewhat contracted base. The 
preservation of the frond is not sufficiently 
satisfactory to show clear anastomoses. It 
is, however, observed that the veins radiate 
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from the base and forming a few sub-parallel 
median nerves go out towards the margin 
at a somewhat acute angle ( PL. ], Fic. 2). 
Meshes, wherever seen, appear to be fairly 
long and probably broader towards the 
median line. Midrib is absent. 

The two other fragments ( PL. , Fıcs. 5, 
8) show the presence of secondary veins 
which in one specimen (Fic. 8) are seen to 
bifurcate near the position of the midrib. 
They do not show many characters which 
would justify their separation and, therefore, 
are included under the same species. 

Our specimens are rather smaller in size 
than those recorded by Feistmantel ( 879 ) 
from the Talchir-Karharbari beds of India. 
However, they possess all the specific charac- 
ters of G. cyclopteroides. 


Genus Noeggerathiopsis Fstm. 
2. Noeggerathiopsis Hislopi (Bunb.) Fstm. 


The specimen (Pr. I, Bre. 3) is small, 
incomplete, spathulate and measures 3-7 
x कैंत cm. It shows a clear dichotomy of 
the diverging veins (Pr. l, Fic. 4) which 
reach the margin probably a little below the 
broadest part ofthefrond. Veins prominent. 

Similar fronds have been recorded by 
Feistmantel (879) from the Karharbari 
beds, especially those small fronds figured in 
Pl. ५) Figs. 3-5. This may be a young 
frond or more probably since the plants were 
living in intensively cold climate the fronds 
may have been smaller in size. It may be 
mentioned that all the fronds we have ob- 
tained from the needle shales are small in 
size. 


3. Noeggeritmopsis sp. 


The specimen ( PL. 7 Fic. 6) does not re- 
semble Noeggerathiopsis Hislopi. The frond 
is small and appears to be leathery. It 
measures 3 cm. in length and I cm. at the 
broadest part. It is more or less oval to 
lanceolate with a roundly acute apex and 
contracted base. Itis comparatively broader 
near the middle part. The veins (PL. ], 
Fic. | ) dichotomize as in the genus Noeggera- 
thiopsis, but they are more numerous than 
found in N. Hislopi. Besides, it appears 
that the veins start reaching the margin quite 
near the base. In the absence of more and 
better preserved specimens, the frond is 
referred to Noeggerathiopsis sp. It, however, 
shows no satisfactory agreement with the 
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known records and, therefore, may turn out 
to be a new species of Noeggerathtopsts. 


Insertae Sedis 
4. CARBONIZED IMPRESSION 


There are a number of small carbonized 
impressions. Pl. 4, Fig. 7, shows probably 
an impression of an unbranched stem. 

Another fragment (Pr. , Fic. ॥00 
measuring :2 x 0-2 cm., exhibits a clear 
dichotomy. Can this be a petiole or a rachis 
of a leaf? 


B — MICROFOSSILS 


The shales have yielded a large number 
of spores which can be assigned to four 
one-winged types and three two-winged 


types. 


l. One-winged spores 
Typed (Br22, FIGS 8 4) 


Spores considerably large and show a good 
deal of variation in size, coarse in texture; 
body distinct, round, 05 u in diameter, with 
a thick rim, about 2 u wide; triradiate mark 
prominent but sometimes absent (PL. 2, 
Fic. i4), open and extending up to the peri- 
phery of the body, maximum width of an 
open ray 7 u; wing round, about 27 u broad, 
uniform all around the body, frilled, radially 
striated, margin of the wing uneven, attach- 
ment apparently marginal; ornamentation 
reticulate. 

Size of the spores 59 u. The smallest 
spore of this type ( PL. 2, Fic. 4) measures 
L057. 

The spore shows a good deal of agreement 
with certain forms described under the genus 
Endosporites Wilson & Coe. It is closely 
comparable with E. globiformis ( Ibrahim ) 
S.W.B. recorded by 057 900) p. 3) 300 
Spores resembling ours have also been 
recorded from the Lower Gondwanas of 
Australia and India by Virkki (946). 
Spore 5l recorded by Virkki from Salt Range 
(946, pp. 2, 22) and from Pali beds, 
South Rewa ( 946, p. 49), is probably the 
closest match for our spore. However, the 
triradiate mark in our spores extends up to 
the periphery of the body which distinguishes 
it from that of Virkki. A spore recorded by 
Sen (953, TEXT-FIG. I) from the Karhar- 
bari coalfield, although apparently compar- 
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able, is also distinguishable by the presence 
of a short triradiate mark. 


ae 2 Nr Re 72) 


‚Spore round; body round, 90 y in average 
diameter, with a thick rim about 4 u wide; 
triradiate mark distinct, short, 8 u long 
and 3 u broad; wing round, 4 u. broad, 
uniform all round the body, frilled attach- 
ment probably marginal; ornamentation 
reticulate. 

Sizesof the spore l20, «2. 

This spore is distinguished from type I 
by means of its shorter triradiate mark, 
relatively narrow wing and less broad rim 
round the body. 

This spore type is closely comparable with 
spore 45 and spore 46 recorded by Virkki 
( 946) from a number of Lower Gondwana 
localities. It also exhibits characters met 
with in the genus Endosporites. 


Base) (IE, 74, ४76, LS) 


Spore perhaps over-macerated; elliptical, 
body not clearly seen; triradiate mark short, 
open; a ray measures l8 yp in length; outer 
margin of the wing uneven; ornamentation 
probably reticulate. 

Size of the spore 75 x 43 u. 

The spore bears some resemblance in 
regard to the size and shape with Virkki’s 
spore 3l recorded from Salt Range ( 946, 
pp. 90204 0 0 “कक Our spore, however, shows a 
short triradiate mark which is a distinguish- 
ing feature. To a certain extent resem- 
blances are also met with in Virkki’s spore 
3 and spore 4 (946, pp. 40, 45) but 
both of them are devoid of any triradiate 
mark. 


Type 4 (Pr. |, Fic. 9) 


Spore more or less oval; body roundly 
elliptical, 58 x 63 u, lighter in colour than 
the wing, dehiscence mark absent; wing 
showing more lateral expansion on either 
side of the body and thinning out at the poles; 
breadth of the wing on the side 20 u; orna- 
mentation reticulate. 

Size of the spore 00 x 77 u. 

The comparatively greater expansion of 
the wing towards the lateral side and its 
thinning at the poles indicates a tendency 
towards a biwinged development. 

This spore does not satisfactorily compare 
with any of the known Indian spores. 


॥35 


2. Two-winged spores 
EypealalBr 22, LG elton) 


Spore roundly oval; body elliptical, 66 
x 93 u, body wall somewhat thick, striations 
not visible; wings lateral, semicircular, 
attachment intramarginal; distance between 
the inner margins of the wings 45 u; orna- 
mentation reticulate. 

Size of the spore 20 x 93 u. 

This spore recalls Virkki’s spore 82 and 
spore 83 recorded from Pali beds ( 946, 
p. 53) and Salt Range ( 946, pp. 24, 34, 
53). Our spore, however, does not show 
striations on the body. 


pe 2 WEIS 2, eG mop) 


Spore laterally expanded; body more or 
less round, 69 x 78 u, body wall about 
l3 u thick towards the sides, striations not 
visible, dehiscence mark absent ; wings lateral, 
thinly covering the poles, inner margins of 
the wings not seen, attachment probably 
marginal, ornamentation reticulate. 

Size of the spore 38 x 93 u. 

In regard to resemblances, reference may 
be made to Virkki’s spore 89 and spore 93 
from Pali beds ( 946, p. 55). Our spore 
is, however, distinct in having a large, thick- 
walled and round body without any indica- 
tion of striations or slit. 


Type 3 (Pr. ग Fic. की |) 


Spore somewhat oval, body oval, 48 x 
58 u, showing thickenings on the side, 
thickness being about I2 u, striations or 
dehiscence mark not visible; wings laterally 
expanded, semicircular, attachment probab- 
ly marginal, ornamentation reticulate. 

Size of the spore l4 x 58 u. 

The spore has some resemblance with the 
previous type. The chief distinction, how- 
ever, lies in the fact that the transverse axis 
of the wings in this spore does not exceed 
that of the body. 

Some of the spores recorded by Virkki 
(946) from the Lower Gondwana may be 
compared with our spore. Among these, 
spore 76 from Salt Range ( 946, p. 39) can 
be compared to a greater extent, although 
our specimen differs in the absence of a slit 
and pitted wings. 


DISCUSSION 


The present discovery of leaf impressions 
and spores in the lower beds of Talchir series 


i56 THE PALAEOBOTANIST 


in Giridih coalfield shows that the needle 
shales are fossiliferous. At present we have 
only a few plants with us which do not allow a 
detailed comparison with Rikba or Karharbari 
floras. An extensive search is now needed 
to bring to light more of these earlier forms 
of the Glossopteris flora. 

So far no fossils were recorded from 
Talchirs in the Giridih coalfield, which led 
Fox (93] p. 22] ) to remarkithat to 
speak of a Talchir flora, appears unnecessary 
if we find no flora in the type areas in the 
Talchir series...’’. With these finds there 
remains no justification for this contention. 
At present it may perhaps be mentioned that 
the forms which we have obtained from 
needle shales are similar to those reported 
from Rikba and Karharbari. A compre- 
hensive collection from Talchir series will 
no doubt put us in a better position to in- 
vestigate the relationship between Talchir, 
Rikba and Karharbari stages. At present 
the flora is known by a comprehensive name 
as Talchir-Karharbari flora. 

There is another important consideration 
and that is the exact relation of the Gond- 
wana flora to the Ice Age. It is believed 
that Glossopteris flora had already come into 
existence before the land was free of ice. 
Leslie (92l) discovered Gangamopteris im- 
mediately below Dwyka tillite in South 
Africa and later Du Toit (924) brought 
forth similar evidence from another locality 
in the same region. Gangamopteris and 
Glossopteris have also been found in beds 
interstratified with the relics of glaciation in 
Australia (SAHNI, 926; Watton, 929). 
Pant (949) reported a number of spore 
types from Bacchus Marsh Tillite from 
Australia. In India Virkki (938, 946 ) 
discovered a number of spore types from 
horizons only [| and 25 ft. above the 
Talchir boulder bed in the Salt Range of the 
Punjab ( Pakistan ). 

From India Glossopteris and other fossil 
impressions are known from a horizon only 
about 20-25 ft. above the Talchir boulder 
bed in the Salt Range of the Punjab (VIRKKI, 
938). Its position in the stratigraphical scale 
is, however, not clearly understood. From 
near Kathwai, about 25 ft. above the boulder 
bed, similar flora as mentioned above has 
been obtained ( KRISHNAN, 949, 9. 248) 
If this flora is equivalent to that from Conu- 
laria beds ( KRISHNAN, 949, p. 32) then 
according to Krishnan ( 949, p. 33 ) Conu- 
laria beds are the equivalents of Rikba 


plant beds of the Karanpura coalfield. If 
this be the case, then the present fossils dis- 
covered from the needle shales will be older 
than those obtained from Rikba and the 
Salt Range. 

Virkki (946) has also described spores 
from a horizon दूँ and 44 ft. above the 
boulder bed from near Kathwai. The exact 
height of these two horizons above the glacial 
bed is also somewhat in doubt. According 
to Wadia ( VIRKKI, 946, p. 07) “ the basal 
zone above which the [7_ feet were measured 
is not the original boulder bed but a resorted 
deposit of glacial debris overlying the true 
Talchir horizon’’. He adds, however, that 
the difference in age between original moraine 
and the assorted deposit cannot have been 
considerable. It is difficult to ascertain 
the chronological relationship of these hori- 
zons in the Salt Range with those of the 
needle shales of Talchir stage in the Giridih 
coalfield. 

The plant fossils in Talchir needle shales 
at least show convincingly the contem- 
poraneity of the earlier forms of the Glos- 
sopteris flora with the Ice Age. Fox ( 93[, 
p. 225) has vividly visualized how the 
Talchir rocks must have been formed. 
According to him Talchir shales have been 
laid down in quiet waters. He further 
states, “the remarkable similarity of the 
typical Talchir rocks throughout the Indian 
Peninsula might possibly be accounted for, 
if we believe them to be the crushed and 
powdered product of rocks of various kinds — 
the result of the abrasive action of the slow 
moving great ice sheets. This rock powder 
and larger material will be churned up and 
form finally an intimate admixture with the 
ice. The waters draining such ice would be 
muddy with suspended silt, and the floating 
ice would spread such material very evenly 
as it thawed on waters of extensive lakes. 
No reliable evidence of life has been found in 
the boulder bed or the strata immediately suc- 
ceeding it, but in the highest beds the pre- 
sence of the debris of a terrestrial flora has 
been found.” 

We can well imagine the hardy plants, 
remnants of which are preserved in the 
needle shales, must have been thriving in 
some hospitable places when the enormous 
ice sheets were actually thawing on the waters 
of extensive lakes and into which some of 
these plants were carried to be buried under 
the burden of fine suspended silt released 
by the thawing ice sheets. 
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EXPLANATION OF PLATES 


PLATE i 


4. Noeggerathiopsis sp. Specimen in Fig. 6 en- 
larged to show dichotomizing veins. X 3. 

2. Gangamopteris cyclopteroides Fstm. x Nat. size. 

3. Noeggerathiopsis Hislopi ( Bunb.) x Nat. size. 

4. Fig. 3 enlarged to show dichotomizing veins. 
3. 

5. Gangamopteris cyclopteroides Fstm. A frag- 
ment showing secondary veins bifurcating near the 
midrib position. x 5. 

6. Noeggerathiopsis sp. X Nat. size. 

7. Carbonized stem impression. X 5. 

8. Gangamopteris cyclopteroides. A fragment show- 
ing arched secondary veins. X 5. 

9. One-winged spore, type 4. x 500. 


i0. Carbonized impression 
x Or 

ll. Two-winged spore, type 3. x 500. ? 

i2. Gangamopteris cvclopteroides Fstm. Apical 
part of specimen in Fig. 2 enlarged to show venation 
and anastomoses. x 5. 


showing dichotomy. 


PLATE 2 
( All photomicrographs, x 500) 


i3. One-winged spore, type l. 

i4. Smallest one-winged spore, type l. 
i5. Two-winged spore, type . 

6. Two-winged spore, type 2. 

7. One-winged spore, type 2. 

i8. One-winged spore, type 3. 
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